United States Great Lakes Shoreline Erosion Loadings by International Reference Group on Great Lakes Pollution from Land Use Activities et al.
University of Windsor 
Scholarship at UWindsor 
International Joint Commission (IJC) Digital 
Archive International Joint Commission 
1976-12-01 
United States Great Lakes Shoreline Erosion Loadings 
International Reference Group on Great Lakes Pollution from Land Use Activities 
Great Lakes Basin Commission 
Timothy J. Monteith 
William C. Sonzogni 
Follow this and additional works at: https://scholar.uwindsor.ca/ijcarchive 
Recommended Citation 
International Reference Group on Great Lakes Pollution from Land Use Activities, Great Lakes Basin 
Commission, Monteith, T. J., & Sonzogni, W. C. (1976). United States Great Lakes Shoreline Erosion 
Loadings. International Joint Commission (IJC) Digital Archive. https://scholar.uwindsor.ca/ijcarchive/83 
This Publication is brought to you for free and open access by the International Joint Commission at Scholarship at 
UWindsor. It has been accepted for inclusion in International Joint Commission (IJC) Digital Archive by an 
authorized administrator of Scholarship at UWindsor. For more information, please contact 
scholarship@uwindsor.ca. 
University of Windsor
Scholarship at UWindsor
International Joint Commission (IJC) Digital Archive
1976-12-01
United States Great Lakes Shoreline Erosion
Loadings
International Reference Group on Great Lakes Pollution from Land Use Activities
Follow this and additional works at: http://scholar.uwindsor.ca/ijcarchive
This Publication is brought to you for free and open access by Scholarship at UWindsor. It has been accepted for inclusion in International Joint
Commission (IJC) Digital Archive by an authorized administrator of Scholarship at UWindsor. For more information, please contact
scholarship@uwindsor.ca.
Recommended Citation
International Reference Group on Great Lakes Pollution from Land Use Activities (1976). United States Great Lakes Shoreline
Erosion Loadings. International Joint Commission (IJC) Digital Archive. http://scholar.uwindsor.ca/ijcarchive/83
  
   
 
REFERENCE GROUP
.
P
O
L
L
U
T
I
O
N
ACTIVITIES
3'?
I
I
I
ti
g
 
   
 
'“TERNATJg'I‘KI‘TL IINIIHI SIMES HRH“ [ARES
SHIIIIElINE [HBSIIIN llIAIllNliS
COMMISSION
_/ / a
.4 - .4
v 4‘ r , _4
ﬂ _7 ,
l
I
I
|
l
I
i
I
I
I
I‘
I‘
l
L:
 
U.S. GREAT LAKES
SHORELINE EROSION LOADINGS
 
Great Lakes Basin Commission
Ann Arbor, Michigan
by
Timothy J. Monteith
William C. Sonzogni
*
,
 
International Reference Group on GREAT LAKES POLLUTION
FROM LAND USE ACTIVITIES of the International Joint
Commission-—prepared in partial fulfillment of U.S.
Environmental Protection Agency Contract No. 68—01—1598
3150
a To be used as a portion of the Technical Reports of the
December, 1976‘
 
 ACKNOWLEDGEMENTS
The authors wish to acknowledge the support of Mr. Eugene A. Jarecki,
who served as the technical representative for the contract, and other
staff members of the Great Lakes Basin Commission who contributed to the
projects, particularly Gerald F. Kotas, Secretary to GLBC's Standing Committee
on Coastal Zone Management. We also gratefully acknowledgethe excellent
work done by John M. Armstrong, Erwin Seibel, Cheryl L. Alexander and
the other members of the University of Michigan staff in completion of
thei
r "T
echn
ical
Repo
rt o
n De
term
inat
ion
of Q
uant
ity
and
Qual
ity
of G
reat
Lake
s U.
S.
Erod
ed M
ater
ial"
(Sub
acti
vity
l—lb
) wh
ich
was
a ma
jor
sour
ce o
f
info
rmat
ion
for
this
stud
y.
We w
ish
to a
lso
than
k th
em f
or t
heir
coop
erat
ion
w
on this report.
A sp
ecia
l th
anks
goes
to t
hose
indi
vidu
als
who
supp
lied
info
rmat
ion
that was used in this report especially those listed below:
Donald Bahnick, University of Wisconsin - Superior
Parker Calkin, State University of New York at Buffalo
Charles Carter, Ohio Division of the Geological Survey
Mark Carter, U.S. EPA Central Regional Lab
Billy Fairless, U.S. EPA, Central Regional Lab
William Haras, Environment Canada
Charles Hess, University of Wisconsin, Geography Department
Mar
tin
Jan
ner
eth
, M
ich
iga
n D
epa
rtm
ent
of
Nat
ura
l R
eso
urc
es
William Mildner, U.S. Soil Conservation Service, U.S.D.A.
Rob
ert
Nug
ent
,
Sta
te
Uni
ver
sit
y C
oll
ege
,
Osw
ego
, N
ew
Yor
k
Fred Sullivan, U.S. EPA Region V
Mic
hae
l
Syd
or,
Uni
ver
sit
y
of
Min
nes
ota
,
Dep
art
men
t
of
Phy
sic
s
Merle Tellekson, U.S. EPA Region V
D I S C L A I M E R
The
stu
dy
dis
cus
sed
in
thi
s
Rep
ort
was
car
rie
d
out
as
par
t
of
the
eff
ort
s
of
the
Pol
lut
ion
fro
m L
and
Use
Act
ivi
tie
s
Ref
ere
nce
Gro
up,
an
org
ani
zat
ion
of
the
Int
ern
ati
ona
l
Joi
nt
Com
mis
sio
n,
est
abl
ish
ed
und
er
the
Can
ada
—U.
S.
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt
of
197
2.
Fun
din
g w
as
pro
vid
ed
thr
oug
h
the
U.S
.
Env
iro
nme
nta
l
Pro
tec
tio
n A
gen
cy.
Fin
din
gs
and
con
clu
sio
ns
are
tho
se
of
the
aut
hor
s
and
do
not
nec
ess
ari
ly
ref
lec
t
the
vie
ws
of
the
Ref
ere
nce
Gro
up
or its recommendations to the Commission.
ii
  
TABLE OF CONTENTS
PAGE NO.
LIST OF FIGURES .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... V
LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii
SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . .. 1
CONCLUSIONS . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . ....... . . . . . . . . . . . . . . . . . . . . . . 3
CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . . . . . . ... 3
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......................... 9
PLUARG BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . ............ . . . . . . . . . . . . . . 9
GREAT LAKES EROSION PROCESSES . . . . . . . . . . . . . . .............. . . . . . .... 9
CANADIAN SHORELINE STUDIES ... . . . . . . . . . ... . . . . . . . . ..... . . . . . . ...... 10
U.S. SHORELINE STUDIES . . . . . . . . . . . . . . ........... . . . . . . . . . . . . . . . . . .. 12
GENERAL CHARACTERISTICS OF U.S. SHORELINE . . . . . . . . . . . . . . . . . . ....... l3
SPECIFIC OBJECTIVES OF SUBACTIVITY 1-2 ............. . . . . . . . . . . . . . . . l7
ANAL
YSIS
OF S
HORE
LINE
SAMP
LES
. . . .
. . . .
. ...
....
. . . .
. . . .
. . . .
....
....
....
..
l9
SAMP
LING
PROC
EDUR
ES
. . . .
. . . .
. . . .
. . . .
.. . .
. . . .
. . . .
. . . .
. . . .
. . . .
. ...
...
19
Sample Collection . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . ............ l9
Preservation and Storage .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
ANAL
YTIC
AL M
ETHO
DS
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
....
....
20
Nutrient Parameters . . . . . . . . . . . . . ... . . . . . ..................... 21
Metal and Other Elemental Parameter . . . . . . . ........... . . . . . . . 21
Trace Organic Parameters . . . . . . . . . .... . . . . . . . ................. 22
Phy
sic
al
Par
ame
ter
s .
. . .
. . .
. . .
. . .
. . .
. ..
...
...
...
...
...
...
...
..
22
Qua
lit
y C
ont
rol
Sta
tis
tic
s .
. . .
. . .
. . .
. . .
. . .
. ...
.. .
. . .
. ..
...
...
22
RES
ULT
S O
F A
NAL
YSI
S O
F S
HOR
ELI
NE
SAM
PLE
...
...
...
.. .
. . .
. . .
...
...
..
25
Nut
rie
nt
Par
ame
ter
s . .
. . .
. . .
. . .
. ...
. . .
. . .
. . .
...
...
...
...
...
...
25
Met
al
and
Oth
er
Ele
men
tal
Par
ame
ter
s .
...
...
...
. . .
. . .
. . .
. ...
..
26
Trace Organic Parameters ............ . . . . . . . .. . . . . . . . . . . . . . . . . 28
Phys
ical
Para
mete
rs
....
. . .
. . . .
. . . .
. ...
....
....
....
....
....
...
28
DIS
CUS
SIO
N O
F R
ESU
LTS
OF
SHO
REL
INE
SAM
PLE
ANA
LYS
IS
. . .
. . .
...
...
...
.
29
Che
mic
al
Con
cen
tra
tio
n V
ers
us
Soi
l T
ext
ure
....
...
. . .
. . .
. . .
...
29
Pote
ntia
l Bi
olog
ical
Avai
labi
lity
....
.. .
. . . .
. ...
....
. . . .
. . ..
.
38
Che
mic
al
Con
cen
tra
tio
n V
ers
us
Soi
l H
ori
zon
...
...
..
. . .
. . .
. . . .
. .
42
SHO
REL
INE
LOA
DIN
G C
ALC
ULA
TIO
N M
ETH
ODO
LOG
Y .
...
...
...
.. .
. . .
. ..
...
...
...
..
45
BAC
KGR
OUN
D D
ATA
...
...
...
...
...
...
...
...
...
...
...
...
..
. . .
. . .
...
...
.
45
GEN
ERA
L M
ETH
ODO
LOG
Y .
....
. . .
. . .
...
...
...
...
...
...
...
...
...
...
...
...
45
BLU
FF
HEI
GHT
. . .
. . .
...
.. .
. . .
. ..
...
...
...
...
...
...
...
. .
. . .
. . .
. . .
. . .
.
45
REA
CH
LEN
GTH
.. .
. . .
. . .
...
...
...
...
...
...
...
...
. . .
. . .
...
...
...
...
...
47
REC
ESS
ION
RAT
E .
....
. . .
. . .
. ..
...
...
...
...
...
...
...
...
...
...
...
...
..
47
ERO
SIO
N R
ATE
...
...
.. .
. . .
. . .
...
...
...
...
...
...
...
...
...
.. .
. . .
. . .
. ..
49
Exam
ple
of E
rosi
on C
alcu
lati
on
....
....
....
....
....
. . .
. . . .
....
50
CHEM
ICAL
LOAD
ING
....
....
....
....
....
....
....
....
....
....
....
....
..
53
iii
 
 TABLE OF CONTENTS (continued) PAGE NO.
SHORELINE LOADING RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . ... . . . . . . . . . . . . 57
EROSION VOLUME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
County and PSA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Lake Basin and Great Lakes Basin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
CHEMICAL LOADING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
County and PSA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 64
Lake Basin and Great Lakes Basin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
DISCUSSION OF SHORELINE LOADINGS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
ACCURACY OF ESTIMATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
REGIONAL EVALUATION OF SHORELINE EROSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Lake Superior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Lake Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Lake Huron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Lake Erie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . . . . . ......... 80
Lake Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
HIGH LOADING AREAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . . . . . . . . . . . . 81
SHORE EROSION COMPARED TO OTHER SEDIMENT SOURCES . . . . . . . . . . . . . . . . . . . . . . . . 88
Lake Superior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
Lake Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Lake Huron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Lake Erie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Lake Ontario . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
POTENTIAL EFFECT OF PARTICULATE MATERIAL ON WATER QUALITY . . . . . . . . . . . . . . . 91
SIGN
IFIC
ANCE
OF L
OST
SHOR
ELIN
E . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
92
POTENTIAL CHEMICAL IMPACT FROM SHORELINE EROSION.... . . . . . . . . . . . . . . . . . . . . 93
Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . 94
Other Nutrients . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ . . . . . . . . . . . . 109
Metals and Other Elemental Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . llO
Trace Organic Contaminants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
REFE
RENC
ES .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. .. .
. . . .
. . . .
. . . .
..
117
APPEN
DIX
A. . .
. . . . .
. . . .
. . . . .
. . . . .
. . . . .
. . . . .
. . . .
. . . . .
. . ..
. . . . .
. . . . .
. . . .
. .. .
. 12
3
APPE
NDIX
B. . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
.. . .
. . . .
. . . .
. . . .
207
iv
NUMBER
\
O
W
N
O
N
U
‘
I
D
L
J
J
N
l
—
J
U.S. GREAT LAKES SHORELINE . . . . . . . . . . . . . . . . . . . . . . . .....
LIST OF FIGURES
EROSION RATE DERIVATION RECTANGULAR PRISM METHOD . . . . . . . . . . . . .
CHARLEVOIX COUNTY, MICHIGAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
CHEMICAL LOADING
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
U.S.
PARTICLE SIZE ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .........L
EROSION BY
EROSION BY
EROSION BY
EROSION BY
EROSION BY
PHOSPHORUS
PHOSPHORUS
PHOSPHORUS
PHOSPHORUS
PHOSPHORUS
SHORELINE SOIL SAMPLE DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
CALCULATION
COUNTY LAKE
COUNTY LAKE
COUNTY LAKE
COUNTY LAKE
COUNTY LAKE
METHODOLOGY . . . . . . . . .
SUPERIOR... . . . . . . . . .
MICHIGAN . . . . . . . . . ...
HURON . . . . . . . . . . . . . . .
ERIE . . . . . . . . . . . . . . . .
ONTARIO . . . . . . . . . . . . .
n o n o u o o o a 0 a o
c . n n u n a o v 0'-
out. o a o u u u oc
LOADING BY COUNTY LAKE SUPERIOR . . . . . . . . . . . . .
LOADING BY COUNTY LAKE MICHIGAN. . . . . . . . . . . . .
LOADING BY COUNTY LAKE HURON . . . . . . . . . . . . . . . .
LOADING BY COUNTY LAKE ERIE.. . . . . . . . . . . . . . . .
LOADING BY COUNTY LAKE ONTARIO . . . . . . . . . . . . . .
APPENDIX
 
PAGE NO.
14
46
52
54
82
83
84
85
86
95
96
97
98
99
123
207
 
 
NUMBER
N
H
m
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
LIST OF TABLES
U.S. ARMY CORPS COUNTY IDENTIFICATION NUMBERS . . . . . . . . . . . . ........
U.S. GREAT LAKES SHORE TYPES . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . .....
PARAMETERS AND METHODS FOR NUTRIENT ANALYSIS OF SHORELINE
SOIL SAMPLES . . . . . . . . . . . . . . . . . . . . . . . . . ...............
QUALITY CONTROL DATA FROM SHORELINE SOIL SAMPLE ANALYSIS
CONDUCTED BY U.S. EPA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .....
COMPARISON OF MEASURED CONCENTRATION RANGES FROM DIFFERENT
STUDIES OF GREAT LAKES BASIN SOILS . . . . . . . . . . . . . . . . . . . . . .....
U.S. DEPARTMENT OF AGRICULTURE CLASSIFICATION SYSTEM FOR
SOIL TEXTURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......
SOIL TEXTURE CLASSIFICATION OF THE SHORELINE SAMPLES BASED
ON MEASURED PARTICLE SIZE DISTRIBUTION.... . . . . . . . . . . . . . . . ...
RESULTS OF SOIL ANALYSIS GROUPED ACCORDING TO SOIL TEXTURE . . . . . . .
MEAN NUTRIENT CONCENTRATIONS GROUPED ACCORDING TO SOIL
TEXTURE FROM PLUARG STREAMBANK SOIL SAMPLES . . . . . . . . . . . . . . . . .
MEAN TOTAL ELEMENT CONCENTRATIONS OF SEVERAL PARAMETERS GROUPED
ACCORDING TO SOIL TEXTURE FROM PLUARG STREAMBANK SOIL
SAMPLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ANALYSIS OF SOIL SIZE FRACTIONS FROM BLACK CREEK PROJECT.........
TOTAL PHOSPHORUS CONCENTRATIONS IN MICHIGAN SOILS FROM
VEATCH (1953) GROUPED ACCORDING TO SOIL TEXTURE . . . . . . . . . . . . .
RESULTS OF IN NH4—AC AND 0.05N EXTRACTIONS OF Ca, Mg AND Na
FROM PLUARG STREAMBANK SOIL SAMPLES . . . . . . . . . . ..... . . . . . . . ...
VARIATION OF TOTAL PHOSPHORUS WITH SOIL HORIZON OF SHORELINE
SAMPLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...
CHARLEVOIX COUNTY, MICHIGAN EROSION CALCULATIONS BY REACH... . . . . .
CHARLEVOIX COUNTY, MICHIGAN CHEMICAL LOADINGS BY REACH.. . . . . . ....
VOLUME OF MATERIAL ERODED PER YEAR FROM COUNTIES AND PSA'S
ALONG THE U.S. GREAT LAKES SHORELINE . . . . . . . . . . . . . . . . . . . . ....
SEDIMENT LOAD FROM SHORELINE EROSION U.S. GREAT LAKES . . . . . . . .....
CHEMICAL LOADING FROM SHORELINE EROSION (U.S. COUNTIES AND PSA'Sl
CHEMICAL LOADING FROM SHORELINE EROSION (U.S. GREAT LAKES
SHORELINE) . . . . . . . . . . . . . . . . . . ............ . . . . . . . . . . . . . . . . ....
SIGNIFICANT VOLUMETRIC CONTRIBUTION BY COUNTY....... . . . . . . . ......
AVERAGE EROSION PER KILOMETER OF U.S. SHORELINE..... . . . . . . . . . . . . .
SEDIMENT LOADS TO THE GREAT LAKES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
AVERAGE TOTAL PHOSPHORUS LOAD PER KILOMETER OF SHORELINE
(SIGNIFICANT COUNTIES)......... . . . . . . . . . . . . . . ..... . . . . . . . ...
AVERAGE CHEMICAL LOAD PER KILOMETER OF U.S. SHORELINE (PSA'S
AND LAKES) . . . . . . . . . . . . . . . . . ............ . . . . . .. . . . . . . . . ......
vii
PAGE NO.
15
16
21
23
26
30
31
32
34
35
36
37
4O
43
51
56
58
65
66
76
81
87
89
101
102
 
 NUMBER
26
27
28
29
LIST OF TABLES (continued)
PAGE NO.
AMOUNT OF SOIL TYPES ERODED FROM U.S. GREAT LAKES SHORELINE. . . 104
TOTAL PHOSPHORUS LOADING DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
SHO
REL
INE
ERO
SIO
N L
OAD
ING
S T
O L
AKE
SUP
ERI
OR
BAS
ED
ON
LOA
DIN
G
STUDIES OF BAHNICK (1975) AND RESULTS OF THIS STUDY . . . . . . 112
COMPARISON OF SHORELINE EROSION LOADINGS AND TRIBUTARY
LOADINGS INTO LAKE SUPERIOR AND LAKE HURON . . . . . . . . . . . . . . . 113
viii
  
SUMMARY
In order to make rational recommendations for managing different land
resources in terms of their potential pollution to the Great Lakes, it
is mandatory that the relative contributions and effects of all sources
of p
ollu
tion
be e
stab
lish
ed.
This
stud
y pr
ovid
es a
n es
tima
te—o
f th
e to
tal
quan
tity
and
qual
ity
of m
ater
ial
cont
ribu
ted
to t
he l
akes
from
shor
elin
e
eros
ion
whic
h ha
s ge
nera
lly
been
prev
ious
ly
igno
red
as a
sour
ce o
f la
nd-
deri
ved
poll
utan
ts t
o th
e Gr
eat
Lake
s.
It c
ompl
etes
Suba
ctiv
ity
1-2
of
U.S.
Task
D, P
ollu
tion
from
Land
Use
Acti
viti
es R
efer
ence
Grou
p (
PLUA
RG).
The
gen
era
l b
ack
gro
und
for
thi
s r
epo
rt
was
dev
elo
ped
in
Sub
act
ivi
ty
l-1
(a)
,
in
whi
ch
sam
ple
s f
rom
the
U.S.
Gre
at
Lak
es
sho
rel
ine
wer
e c
oll
ect
ed
and
ana
lyz
ed
for
che
mic
al
cha
rac
ter
ist
ics
, a
nd
Sub
act
ivi
ty
l—l
(b)
, i
n w
hic
h
the
ava
ila
ble
inf
orm
ati
on
on
Gre
at
Lak
es
sho
rel
ine
ero
sio
n r
ate
s w
as
com
-
piled.
Ave
rag
e e
ros
ion
alo
ng
the
U.S.
Gre
at
Lak
es
sho
rel
ine
is
est
ima
ted
to
con
tri
but
e a
bou
t 4
0 m
ill
ion
met
ric
ton
s o
f m
ate
ria
l
to
the
nea
rsh
ore
wat
ers
eac
h y
ear.
Thi
s f
igu
re
is
abo
ut
nin
e t
ime
s g
rea
ter
tha
n t
he
pre
-
lim
ina
ry
PLU
ARG
est
ima
te
of
sed
ime
nt
con
tri
but
ed
by
U.S
.
tri
but
ari
es
as
a
res
ult
of
she
et
and
gul
ly
ero
sio
n.
The
ann
ual
vol
ume
of
mat
eri
al
ero
ded
is
als
o e
sti
mat
ed
for
max
imu
m a
nd
min
imu
m e
ros
ion
con
dit
ion
s.
Dur
ing
the
las
t f
ew
yea
rs,
hig
h l
ake
lev
els
hav
e p
rom
ote
d i
nte
nsi
ve
coa
sta
l e
ros
ion
so
tha
t c
urr
ent
loa
din
gs
of
mat
eri
al
fro
m s
hor
eli
ne
ero
sio
n m
ay
be
clo
ser
to
the
max
imu
m e
sti
mat
ed
loa
din
g r
ate
of
70
mil
lio
n m
etr
ic
ton
s p
er
yea
r.
The
vol
ume
of
mat
eri
al
ero
ded
alo
ng
the
ent
ire
U.S
.
Gre
at
Lak
es
sho
rel
ine
was
cal
cul
ate
d
for
ove
r 1
,30
0 s
mal
l r
eac
hes
and
sum
mar
ize
d o
n a
cou
nty
,
pla
nni
ng
sub
are
a,
lak
e
bas
in,
and
tot
al
Gre
at
Lak
es
bas
is.
The
ero
sio
n v
olu
me
was calculated based on recession rate, bluff height, and reach length. The
com
put
ed
ero
sio
n v
olu
me
rep
res
ent
s
onl
y
the
blu
ff
ero
sio
n
or
tha
t v
olu
me
of
mat
eri
al
ero
ded
fro
m t
he
ele
vat
ed
seg
men
t o
f t
he
sho
rel
ine
abo
ve
the
bea
ch
or
bea
ch
ter
rac
e.
Rec
ess
ion
rat
e
inf
orm
ati
on
was
der
ive
d
fro
m
the
ava
ila
ble
lit
era
tur
e w
hic
h w
as
com
pil
ed
in
Sub
act
ivi
ty
l-l
(b)
of
U.S
.
Tas
k
D,
or
fro
m e
sti
mat
es
mad
e
in
thi
s
stu
dy
bas
ed
on
ext
rap
ola
tio
n
fro
m k
now
n
information.
Bec
aus
e
of
the
lar
ge
vol
ume
of
mat
eri
al
ero
ded
fro
m
the
blu
ffs
alo
ng
the
U.S
.
Gre
at
Lak
es
sho
rel
ine
,
the
loa
din
gs
of
som
e c
hem
ica
ls
(to
tal
for
ms)
ass
oci
ate
d w
ith
the
ero
ded
mat
eri
al
are
ver
y
hig
h.
For
exa
mpl
e,
the
est
ima
ted
amo
unt
of
tot
al
pho
sph
oru
s
con
tri
but
ed
to
Gre
at
Lak
es
as
a r
esu
lt
of
ave
rag
e
sho
re
ero
sio
n
con
dit
ion
s
is
abo
ut
9,0
00
met
ric
ton
s p
er
yea
r.
Thi
s
fig
ure
is
abo
ut
the
sam
e
as
a
pre
lim
ina
ry
PLU
ARG
est
ima
te
of
the
tot
al
pho
sph
oru
s
loa
din
gs
der
ive
d
fro
m
she
et
and
gul
ly
ero
sio
n
in
the
U.S
.
bas
in.
To
ta
l
ph
os
ph
or
us
lo
ad
in
gs
fr
om
sh
or
el
in
e
er
os
io
n
va
ry
ac
co
rd
in
g
to
ge
og
ra
ph
ic
loc
ati
on,
wit
h
Lak
e
Sup
eri
or
rec
eiv
ing
the
lar
ges
t
tot
al
pho
sph
oru
s
loa
din
gs
  
from U.S. shoreline erosion.
Chemical loadings were estimated based on the volume of shoreline
eroded and generalized chemical characteristics of the shoreline soils.
In Subactivity l—l(a) of Task D, shoreline samples were collected from 11
different counties along the U.S. Great Lakes shoreline and analyzed for
physical and chemical characteristics, including particle size distribution,
specific gravity, nutrients, pesticides, industrial organic pollutants,
metals and other elements. These data are carefully evaluated and interpreted
in this study. It was found that, for some parameters, there was a rela—
tionship between chemical concentrations and particle size distribution
or soil texture. In general, clayey soils had higher chemical concentrations
than sandy soils, and trends developed fromthese relationships were used
to estimate chemical loadings for the whole U.S. shoreline.
In addition to data on the total amount of chemicals associated
with
erod
ible
shor
elin
e ma
teri
al,
data
on t
he b
iolo
gica
lly
avai
labl
e fr
acti
on
of t
he t
otal
was
prov
ided
as a
resu
lt o
f an
alys
is o
f we
ak a
cid
extr
acts
of
soil samples in Subactivity l—l(a). These data are interpreted to provide
a me
asur
e of
the
uppe
r li
mit
of b
iolo
gica
lly
avai
labl
e co
ncen
trat
ions
.
Load
-
ings
were
thus
calc
ulat
ed f
or "
extr
acta
ble"
as w
ell
as t
otal
chem
ical
s.
In
the
case
of p
hosp
horu
s,
the
extr
acta
ble
phos
phor
us l
oadi
ngs
are
appr
oxim
atel
y
35—50 percent of the total phosphorus loadings.
The
esti
mate
d se
dime
nt a
nd c
hemi
cal
load
ings
from
shor
e er
osio
n in
this
repo
rt a
re o
nly
firs
t ap
prox
imat
ions
or o
rder
of m
agni
tude
esti
mate
s.
The
esti
mate
d lo
adin
gs a
re i
nten
ded
prim
aril
y to
show
the
rela
tive
magn
itud
e
of s
hore
eros
ion
load
ings
, p
arti
cula
rly
in c
ompa
riso
n to
othe
r so
urce
s of
sediment and chemicals to the Great Lakes.
The shore erosion process has been occurring for thousands of years
alo
ng
the
Gre
at
Lak
es
and
loa
din
gs
fro
m s
hor
eli
ne
ero
sio
n m
ust
be
con
sid
ere
d
a na
tura
l oc
curr
ence
and
not
man—
deri
ved.
Undo
ubte
dly,
larg
e pe
rcen
tage
s
of chemicals associated with the eroded shoreline material are rapidly lost
to t
he l
ake
sedi
ment
s an
d do
not
inte
ract
to a
ny d
egre
e wi
th l
ake
wate
rs.
Furt
her,
in s
ome
case
s th
e er
oded
part
icul
ate
mate
rial
may
actu
ally
remo
ve
diss
olve
d c
onst
itue
nts,
such
as p
hosp
horu
s or
heav
y me
tals
, f
rom
lake
wate
r
thro
ugh
sorp
tion
or i
on e
xcha
nge
proc
esse
s.
Neve
rthe
less
, t
hat
port
ion
of
the
chem
ical
s as
soci
ated
with
eros
ion
prod
ucts
that
do b
ecom
e av
aila
ble
to
affe
ct b
iolo
gica
l gr
owth
may
be s
igni
fica
nt r
elat
ive
to o
ther
sour
ces
of
biol
ogic
ally
avai
labl
e ch
emic
als.
For
exam
ple,
the
avai
labl
e ph
osph
orus
loading to Lake Superior fromU.S. shore erosion is estimated to be in the
sam
e r
ang
e a
s t
he
rea
cti
ve
pho
sph
oru
s c
ont
rib
ute
d a
nnu
all
y b
y b
oth
U.S.
and
Cana
dian
trib
utar
ies
to L
ake
Supe
rior
.
Thus
, d
espi
te t
he f
act
that
shor
e
ero
sio
n i
s a
nat
ura
l p
roc
ess
, i
t i
s i
mpo
rta
nt
to
und
ers
tan
d i
ts
imp
act
so
tha
t
the significance of other land—derived sources of pollutants, such as run—
off can be put in proper perspective.
 CONCLUSIONS
CONCLUSIONS
1. Shore erosion contributes a significant amount of sediment (solids)
to the Great Lakes each year. Average shoreline erosion loading of sediment
to the Great Lakes from the U.S. shoreline is estimated to be about 39 million
metric tons. This figure is about nine times greater than the preliminary
PLUARG estimate of sediment contributed by U.S. Great Lakes tributaries.
The input of solids to the Great Lakes from shoreline erosion is also
high relative to other sources of sediment, such as atmospheric inputs
and point source inputs. Since erosion has been intensified as a result
of high lake levels in recent years, current loadings of sediment may be
closer to the maximum estimated loading rate, 70 million metric tons per
year.
2. The amount of sediment contributed to the Great Lakes by shore
erosion varies widely from one shoreline county to another. Leelanau County,
Michigan (on Lake Michigan), contributes the largest total amount of
sediment Via shoreline erosion. Bayfield County, Wisconsin (on Lake Superior),
contributes the next largest amount. In terms of loading per kilometer of
shoreline, Allegan County, Michigan which borders Lake Michigan, has the
highest loading rate. On a lake basis, Lake Michigan shorelines have the
highest erosion rate per kilometer of shoreline, followed by Superior, Erie,
Ontario, and Huron, respectively.
3. Because the rate at which any given shoreline reach will erode
varies greatly from one year to the next, an average, maximum, and minimum
eros
ion
valu
e l
ikel
y to
occu
r wa
s ge
nera
ted
for
the
enti
re U
.S.
Grea
t La
kes
shoreline. In general, the maximum erosion was between 4 and 6 times
grea
ter
than
the
mini
mum
eros
ion
rate
and
was
abou
t tw
ice
as g
reat
as t
he
average erosion rate.
4. The height of the erodible bluff appears to be the controlling
phys
ical
feat
ure
affe
ctin
g th
e vo
lume
of m
ater
ial
erod
ed.
A sh
orel
ine
reac
h
can
have
a ve
ry
larg
e re
cess
ion
rate
, bu
t if
it h
as a
low
bluf
f he
ight
the
amo
unt
of
mat
eri
al
con
tri
but
ed
to
the
lak
e is
rel
ati
vel
y s
mall
.
0n
the
other hand, a reach of shoreline that has a very high bluff but a small
rece
ssio
n ra
te c
an s
till
cont
ribu
te
larg
e am
ount
s of
mate
rial
to t
he l
ake
system.
5.
Of t
he t
otal
aver
age
annu
al v
olum
e of
shor
elin
e ma
teri
al e
rode
d in
to
the
Gre
at
Lak
es,
53
per
cen
t
was
est
ima
ted
to
be
san
dy
mat
eri
al,
34
per
cen
t w
as
est
ima
ted
to
be
loa
my,
and
13
per
cen
t w
as
est
ima
ted
to
be
cla
yey
mat
eri
al.
Lak
e
Mic
hig
an
sho
rel
ine
s w
ere
fou
nd
to
hav
e t
he
hig
hes
t p
erc
ent
age
of
san
dy
soi
ls
whi
le
 Lake Superior shorelines were found to have the highest percentage of
loamy and clayey soils.
6. Erosion volumes were calculated (on a reach by reach basis) based
on recession rates, shore lengths, and bluff heights. Recession rates
were obtained from; 1) Subactivity l—l(b), in which erosion of each reach
was derived from actual recession measurements (field measurements or aerial
phOt
O i
nter
pret
atio
n)
or f
rom;
2) e
stim
ates
of r
eces
sion
made
in t
his
repo
rt
for those reaches with no measured recession data. Approximately 44 percent of
the erodible U.S. shoreline had recession information available based on
actual measurements (field measurements or aerial photo interpretations).
This same portion of shoreline contributed 66 percent of the total volume
eroded from the U.S. shoreline as estimated in this report. Thus, even
thou
gh t
he m
ajor
ity
of U
.S.
erod
ible
shor
elin
e ha
s no
"mea
sure
d"
rece
ssio
n
rate
info
rmat
ion,
only
34 p
erce
nt o
f th
e to
tal
volu
me c
ontr
ibut
ed f
rom
U.S.
Grea
t La
kes
shor
elin
e er
osio
n is
base
d on
thes
e "e
stim
ated
" re
cess
ion
rate
s.
This
indi
cate
s th
at d
ata
are
avai
labl
e on
thos
e ar
eas
that
cont
ribu
te t
he
most significant erosion loads.
7. Because of the large amount of sediment contributed to the Great
Lakes from shoreline erosion, some effects on water quality are likely
to o
ccur
, a
ltho
ugh
litt
le d
irec
t do
cume
ntat
ion
of e
ffec
ts w
as f
ound
.
Prin
-
cipa
l ph
ysic
al e
ffec
ts
of e
rode
d ma
teri
al a
re l
ikel
y re
late
d to
prob
lems
asso
ciat
ed w
ith
turb
idit
y an
d se
dime
nt a
ccum
ulat
ion.
Turb
idit
y wo
uld
be
mos
t i
mpo
rta
nt
in
are
as
whe
re
the
sho
rel
ine
soi
ls
con
sis
t o
f f
ine
ly
div
ide
d
par
tic
les
suc
h a
s i
n c
lay
soi
ls.
In
are
as
whe
re
the
sho
rel
ine
con
sis
ts
mos
tly
of
san
d,
the
eff
ect
of
tur
bid
ity
may
be
rel
ati
vel
y s
mal
l s
inc
e c
oar
se
grai
ned
sand
part
icle
s se
ttle
rapi
dly.
In g
ener
al,
shor
elin
e e
rosi
on
prob
ably
cont
ribu
tes
larg
er s
ized
soil
part
icle
s to
the
Lake
s th
an s
heet
eros
ion
whic
h wo
uld
like
ly r
emov
e th
e fi
ner
size
d pa
rtic
les.
Furt
her,
sur
fac
e s
oil
s a
re
rem
ove
d i
n s
hee
t e
ros
ion
whi
le
in
sho
re
ero
sio
n t
he
ent
ire
profile is eroded.
8.
Bec
aus
e o
f t
he
lar
ge
vol
ume
of
mat
eri
al
ero
ded
fro
m t
he
blu
ffs
alon
g th
e U.
S. G
reat
Lake
s s
hore
line
, t
he l
oadi
ngs
of t
he t
otal
form
s of
vari
ous
chem
ical
s as
soci
ated
with
the
erod
ed m
ater
ial
is r
elat
ivel
y hi
gh,
at l
east
for
cert
ain
para
mete
rs.
Undo
ubte
dly,
a la
rge
perc
enta
ge o
f th
e
che
mic
als
ass
oci
ate
d w
ith
the
ero
ded
sho
rel
ine
mat
eri
al
is
rap
idl
y l
ost
to
the
lake
sedi
ment
s an
d do
es n
ot
inte
ract
to a
ny d
egre
e wi
th l
ake
wate
rs.
Fur
the
r,
the
upt
ake
by
the
ero
ded
par
tic
ula
te
mat
eri
al
of
con
sti
tue
nts
dis
sol
ved
in
lak
e w
ate
rs,
suc
h a
s p
hos
pho
rus
or
hea
vy
met
als
, c
oul
d b
e j
ust
as i
mpor
tant
envi
ronm
enta
lly
as t
he r
elea
se o
f co
ntam
inan
ts.
Neve
rthe
less
,
des
pit
e t
he
fac
t t
hat
the
fra
cti
on
of
che
mic
al
tha
t d
oes
bec
ome
ava
ila
ble
to a
ffec
t al
gal
grow
th m
ay b
e sm
all
rela
tive
to t
he t
otal
amou
nt o
f ch
emic
al
asso
ciat
ed w
ith
the
shor
elin
e ma
teri
al,
it m
ay,
in s
ome
case
s,
be s
igni
fica
nt
rela
tive
to t
he b
iolo
gica
lly
avai
labl
e c
hemi
cals
cont
ribu
ted
by o
ther
sour
ces.
9. Based on the analysis of soil samples taken from Great Lakes
shorelines, higher chemical concentrations of certain parameters, such as
phosphorus, iron, manganese, and aluminum, can be expected in clay soils
as c
ompa
red
to s
andy
soil
s.
Thus
, e
rosi
on o
f cl
ay s
oil
is l
ikel
y to
con—
  
trib
ute
more
tota
l nu
trie
nts
and
othe
r co
mpon
ents
to t
he l
ake
than
eros
ion
of sandy soils.
10. Chemical concentrations found in shoreline soils were similar to
concentrations found in other inland soils in the Great Lakes Basin.
Chemical concentrations were highly variable from one location to another
and, in some cases, even within a given shore profile, but this is expected
when considering diverse soil systems.
11. The total phosphorus contributed to the Great Lakes by the
annual average shoreline erosion is similar and in some cases greater than
esti
mate
s of
tota
l ph
osph
orus
load
ings
from
the
trib
utar
ies.
Lake
Supe
rior
shor
e er
osio
n co
ntri
bute
s s
ever
al t
imes
more
tota
l ph
osph
orus
than
the
tota
l
tributary phosphorusinput from both the U.S. and Canada. Lake Michigan
shor
elin
es c
ontr
ibut
e ab
out
the
same
aver
age
amou
nt o
f ph
osph
orus
annu
ally
from
eros
ion
as i
s co
ntri
bute
d by
Lake
Mich
igan
trib
utar
ies.
Lake
s Hu
ron,
Onta
rio,
and
Erie
have
shor
elin
e ero
sion
phos
phor
us
inpu
ts t
hat
are
some
what
less
than
the
trib
utar
y in
puts
.
Thes
e c
ompa
riso
ns a
re b
ased
on a
vera
ge
ann
ual
sho
rel
ine
ero
sio
n r
ate
s.
Ove
ral
l,
it
app
ear
s t
hat
sho
rel
ine
ero
sio
n
can
con
tri
but
e o
n t
he
ord
er
of
25
per
cen
t o
f t
he
tot
al
pho
sph
oru
s l
oad
ing
s
fro
m a
ll
U.S.
sou
rce
s t
o t
he
Gre
at
Lak
es.
Thi
s i
s a
bou
t t
he
sam
e p
erc
ent
age
of t
he t
otal
load
as i
s co
ntri
bute
d by
trib
utar
y lo
adin
gs.
The
aver
age
ann
ual
ext
rac
tab
le
(0.
05
N H
Cl
ext
rac
tio
n)
pho
sph
oru
s l
oad
ing
s f
rom
sho
re-
lin
e e
ros
ion
wer
e a
bou
t 4
5 p
erc
ent
of
the
ave
rag
e t
ota
l p
hos
pho
rus
loa
din
gs
for
the
ent
ire
U.S
. s
hor
eli
ne.
The
re
is
som
e v
ari
ati
on
for
ind
ivi
dua
l l
ake
coas
tlin
es w
ith
Lake
Supe
rior
shor
elin
es h
avin
g th
e hi
ghes
t ra
tio
of
extractable phosphorus loadings to total phosphorus loadings.
12.
The
Lak
e S
upe
rio
r s
hor
eli
ne
con
tri
but
es
the
mos
t t
ota
l p
hos
—
pho
rus
per
kil
ome
ter
of
sho
rel
ine
fol
low
ed
by
Lak
es
Mic
hig
an,
Eri
e,
Ont
ari
o,
and
Hur
on
sho
rel
ine
s,
res
pec
tiv
ely
.
Thi
s i
s i
ndi
cat
ive
of
the
fac
t t
hat
a
lar
ge
per
cen
tag
e o
f t
he
Lak
e S
upe
rio
r s
hor
eli
ne
is
com
pos
ed
of
cla
y m
ate
ria
ls
whi
ch
wer
e f
oun
d t
o b
e g
ene
ral
ly
hig
h i
n p
hos
pho
rus
con
ten
t c
omp
are
d t
o s
and
y
soi
ls.
Iro
n C
oun
ty,
Wis
con
sin
,
Lak
e
Sup
eri
or,
has
the
hig
hes
t
pho
sph
oru
s
loa
din
g r
ate,
fol
low
ed
by
Dou
gla
s C
oun
ty,
Wis
con
sin
, L
ake
Sup
eri
or.
13.
It
is
est
ima
ted
tha
t t
he
ava
ila
ble
pho
sph
oru
s l
oad
ing
to
Lak
e
Superior lies within the range of 80 to 2000 metric tons per year. This
loa
din
g i
s s
ign
ifi
can
t r
ela
tiv
e t
o o
the
r a
vai
lab
le
nut
rie
nt
sou
rce
s t
o L
ake
Sup
eri
or.
For
exa
mpl
e,
sho
re
ero
sio
n m
ay
be
con
tri
but
ing
abo
ut
the
sam
e
ord
er
of
mag
nit
ude
of
ava
ila
ble
pho
sph
oru
s a
s i
s d
eri
ved
fro
m t
rib
uta
ry
loa
din
gs
to
Lak
e S
upe
rio
r.
Ins
uff
ici
ent
dat
a a
re
ava
ila
ble
for
oth
er
lak
es
to
det
erm
ine
a
pos
sib
le
ran
ge
of
ava
ila
ble
pho
sph
oru
s.
How
eve
r,
an
upp
er
lim
it
to
pho
sph
oru
s a
vai
lab
ili
ty
is
pro
vid
ed
by
ext
rac
tib
le
pho
sph
oru
s
loa
din
gs.
Sin
ce
sol
uti
on
con
cen
tra
tio
ns
in
the
oth
er
Gre
at
Lak
es,
par
tic
ula
rly
the
low
er
lak
es,
are
hig
her
tha
n L
ake
Sup
eri
or
and
bec
aus
e
the
sho
rel
ine
s
of
oth
er
lak
es
con
tai
n l
ess
cla
yey
mat
eri
al,
the
amo
unt
of
ava
ila
ble
pho
s—
pho
rus
con
tri
but
ed
by
sho
rel
ine
ero
sio
n i
n
the
se
lak
es
is
lik
ely
to
be
a
sma
lle
r p
rop
ort
ion
of
the
tot
al
pho
sph
oru
s t
han
fou
nd
for
Lak
e S
upe
rio
r.
How
eve
r,
if
the
ero
ded
mat
eri
al
is
sub
jec
t t
o c
ert
ain
env
iro
nme
nta
l c
ond
i-
tio
ns,
suc
h
as
ano
xia
whi
ch
occ
urs
in
the
cen
tra
l b
asi
n
of
Lak
e
Eri
e,
a
  
release of available phosphorus from eroded shoreline material could con—
conceivably occur.
14. The estimated nitrogen loadings to the Great Lakes from shore—
line erosion were judged to be small relative to nitrogen loadings from
other sources. Organic carbon loadings were estimated but no conclusions
could be reached from the data. Silica was not measured in this study,
but because silica is a major component of soils, particularly sandy soils,
the total contribution would be expected to be relatively large. The
frac
tion
of t
his
sili
ca t
hat
beco
mes
avai
labl
e fo
r di
atom
grow
th i
s un
know
n,
however.
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coastal zone atlas that accompanied this report. This atlas is a very detailed
and elaborate document and is a major contribution to the shore erosion literature.
The shore damage survey concluded that from November, 1972 to November, 1973
almost 20 million cubic meters of material was eroded into Lakes Huron, St. Clair,
Erie, and Ontario. The Canadian Lake Erie shoreline accounted for most of this
volume, or about 88 percent of the total Canadian input to the Great Lakes. Lake
Ontario supplied another eight percent, Lake Huron three percent, and Lake St.
Clair had an input of approximately 0.5 percent. It should be emphasized that
these values were based on only one year of erosion activity. Because water
levels were extremely high at this time, these figures may not be representative
of the average erosion situation on the Canadian shoreline over long periods of
time, particularly during periods which include lower water levels.
U.S. SHORELINE STUDIES
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U.S. ARMY CORPS COUNTY IDENTIFICATION NUMBERS
County
Minnesota
Cook County
Lake County
St. Louis County
Wisconsin
Douglas County
Bayfield County
Ashland County
Iron County
Michigan
Gogebic County
Ontonagon County
Houghton County
Keweenaw County
Baraga County
Marquette County
Alger County
Luce County
Chippewa County
Mackinac County
Schoolcraft County
Delta County
Menominee County
Berrien County
Van Buren County
Allegan County
Ottawa County
Muskegon County
Oceana County
Mason County
Manistee County
Benzie County
Leelanau County
Grand Traverse County
Antrim County
Charlevoix County
Emmet County
Wisconsin
Marinette County
0conto County
Brown County
Kewaunee County
Door County
Manitowoc County
Sheboygan County
Ozaukee County
Milwaukee County
Racine County
Kenosha County
N
H
\
1
0
‘
U
‘
l
b
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
Illinois
Lake County
Cook County
Indiana
Lake County
Porter County
La Porte County
Michigan
Cheboygan COunty
Presque Isle County
Alpena County
Alcona County
Iosco County
Arenac County
Bay County
Tuscola County
Huron County
Sanilac County
St. Clair County
Macomb County
Wayne County
Monroe County
Ohio
Lucas County
Ottawa County
Sandusky County
Erie County
Lorain County
Cuyahoga County
Lake County
Ashtabula County
Pennsylvania
Erie County
New York
Chautauqua County
Erie County
Niagara County
Orleans County
Monroe County
Wayne County
Cayuga County
Oswego County
Jefferson County
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
65
66
67
68
69
7O
71
72
73
74
75
76
77
78
79
80
81
82
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SHOR
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2
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eters)
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Type
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Lake
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La
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Mich
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Lak
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ke
Erie
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Ont
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A
Artif
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Fill
Area
(Non—E
rodibl
e)
HBE
High
Bluff
, Er
odibl
e
HBN
High
Bluff
, No
n-Ero
dible
LBE
Low Bl
uff, E
rodibl
e
LBN
Low
Bluff
, No
n—Ero
dible
HD
Hi
gh
Sa
nd
Du
ne
LD
Low
Sand
Dune
PE Pl
ain, Ero
dible
PN
Pla
in,
Non
-Er
odi
ble
W
Wet
lan
ds
(Er
odi
ble
)
W/PE
Wetla
nds/P
lain,
Erodi
ble
W/L
BE
Wet
lan
ds/
Low
Blu
ff,
Erodible
Total
Shore
line,
U.S.
Great
A Lakes
Tota
l Er
odib
le S
hore
line
Total
Lake
Shore
line
Witho
ut
Conn
ecti
ng R
iver
s
Tota
l Er
odib
le L
ake
Shor
elin
e
wit
hou
t c
onn
ect
ing
Riv
ers
To C
onve
rt F
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ome
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s
(km
)
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.6
8
9
1
.
3
465.2
1
,
0
2
0
.
0
597
.6
231.1
292.5
1,0
02.
4
392
.0
675
.6
89
.0
16.4
5,9
78.
7
4,
21
8.
3
5,5
83.
2
3,956.5
9.
8
95.7
362.4
413.5
273.7
6.4
124.9
99.3
37.6
44.1
0.0
0.0
1,467.4
783.9
1,4
67.
4
783.9
T
o
Miles
(mi)
108.5
440
.2
75.5
191.3
39
.7
224
.6
118
.1
462.6
279
.2
152
.0
83
.4
16
.4
2,1
91.
5
1,6
88.
6
2,191.5
1,6
88.
6
 
L
n
m
m
o
r
—
a
c
d
o
o
x
q
H
O
I
-
l
I
—
i
O
O
O
O
O
O
O
O
x
‘
I
‘
735.3:
561
.1
550.3
467
.6
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8.
7:
310
.1
466.0
276.9
Multi
ElZ
BX
0.6
211
4
 
Inc
lud
es
St.
Mar
y's
Riv
er
«
3
.
1
3
C
Incl
udes
St.
Clai
r Ri
ver,
Lake
St.
Clai
r, D
etro
it R
iver
; d
oes
not
incl
ude
Sand
usky
Bay
Includes Niagara River; does not include St. Lawrence River (243 km)
 shoreline, where, as mentioned previously, only about 30 percent is considered to
be erodible (Brown gt_al,, 1973).
SPECIFIC OBJECTIVES OF SUBACTIVITY l-2
The principal objective of this study is to determine whether shore erosion
is likely to be a significant pollutant source to the Great Lakes. In order to
accomplish this, the following specific tasks have been undertaken:
(1) Estimate the volume of material eroded and the resultant chemical
loading for all U.S. Great Lakes shoreline.
(2) Determine the importance of the particulate and chemical loadings
from shore erosion relative to other pollution sources.
(3) Assess the potential impact to the Great Lakes from any particulate
or chemical pollution attributed to U.S. shore erosion.
Almost all past inquiries into shore erosion as a pollutant source have been
dire
cted
towa
rd t
he q
uant
ity
rath
er t
han
the
qual
ity
(che
mica
l co
nten
t)
of t
he
shoreline material which is eroded. To be sure, both Canadian and U.S. studies
indic
ate
that
shore
line
erosi
on ca
n be
a sig
nific
ant
sourc
e of
parti
culat
e mat
erial
or sediment to the lake. For Lake Erie, the input of particulate material has
been
esti
mate
d i
n re
cent
stud
ies
to b
e a
majo
r so
urce
of s
edim
ent
to t
he L
ake
(Carter, 1975; Kemp §£_al,, 1976). In fact, it appears to be a more important
source of particulate material than the tributaries, which in the case of Lake
Erie, drain a large amount of agricultural land. Consequently, because of the
large
volum
es b
eing
dealt
with,
the g
enera
l ch
emica
l con
tent
of sh
oreli
ne ma
teria
l
eroded into the Great Lakes as well as the potential effect these materials may
have on the Lakes is important.
Despite the fact that shoreline erosion may contribute large amounts of
soil
asso
ciat
ed c
hemi
cals
to t
he l
akes
, t
he b
iolo
gica
l av
aila
bili
ty
(pot
enti
al
for u
ptake
by al
gae o
r ot
herbi
ota)
may
be lo
w.
Conse
quent
ly,
even
thoug
h la
rge
tota
l qu
anti
ties
are
invo
lved
, t
he c
hemi
cal
cont
ribu
tion
from
shor
elin
e er
osio
n
may
have
litt
le e
ffec
t on
the
eutr
ophi
cati
on o
f th
e la
kes
or t
heir
wate
r qu
alit
y
in general.
Can
adi
an
stu
die
s i
ndi
cat
e t
hat
ero
sio
n o
f u
nco
nso
lid
ate
d b
luf
fs
alo
ng
Lak
e
Erie
cont
ribu
te m
ostl
y ap
atit
e ph
osph
orus
, a
form
whic
h is
rela
tive
ly i
nsol
uble
and
appa
rent
ly c
ontr
ibut
es
litt
le t
o th
e bi
olog
ical
prod
ucti
vity
of t
he L
ake.
Stu
die
s i
n t
he
U.S.
on
the
ava
ila
bil
ity
of
pol
lut
ant
s a
sso
cia
ted
wit
h p
art
icu
lat
e
mat
eri
al
are
als
o b
ein
g m
ade
as
par
t o
f P
LUA
RG.
Man
y q
ues
tio
ns
are
in
nee
d o
f
ans
wer
s.
For
exa
mpl
e,
doe
s t
he
amo
unt
of
ava
ila
ble
pho
sph
oru
s i
n e
rod
ibl
e s
hor
e-
lin
e v
ary
sig
nif
ica
ntl
y d
epe
ndi
ng
on
the
loc
ati
on
of
the
sit
e s
amp
led
?
Cou
ld
the
add
iti
on
of
par
tic
ula
te
mat
eri
al
fro
m s
hor
e e
ros
ion
in
som
e c
ase
s a
ctu
all
y
remo
ve s
olub
le,
biol
ogic
ally
avai
labl
e ph
osph
orus
from
the
wate
r (a
s a
resu
lt
of
sor
pti
on
or
che
mic
al
equ
ili
bra
rea
cti
ons
).
Obv
iou
sly
, d
ue
to
the
siz
e o
f t
he
Syste
m bei
ng d
ealt
with
and
the d
iffer
ence
from
site
to si
te, r
esear
ch i
nto t
his
topic is only in its infancy. Nevertheless, for the purposes of PLUARG, this
study attempts to provide a first cut assessment of the quantity and quality of
shoreline erosion and how it may affect the Great Lakes.
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 ANALYSIS OF
SHORELINE SAMPLES
SAMPLING PROCEDURES
In
a c
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tiv
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bet
wee
n U
.S.
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orp
s o
f E
ngi
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U.S
. S
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Con
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vat
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vic
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ted
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m 4
9 U
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Gre
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Lak
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rel
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fil
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f d
ete
rmi
ng
the
lev
els
of
nut
rie
nts
,
tra
ce
ele
men
ts
and
oth
er
com
pon
ent
s i
n e
rOd
ibl
e l
ake
Sho
re
mat
eri
als
-
The
sam
pli
ne
pro
fil
es
wer
e
sel
ect
ed
fro
m 1
1 U
.S.
cou
nti
es
cur
ren
tly
bei
ng
ass
ess
ed
for
sho
rel
ine
dam
age
s b
y
the
Cor
ps
of
Eng
ine
ers
.
The
se
pro
fil
es
wer
e i
nte
nde
d t
o r
epr
ese
nt
the
dif
fer
ent
ero
siv
e c
ond
iti
ons
wit
hin
the
U.S
. G
rea
t L
ake
s.
Sample Collection
Sam
ple
s
wer
e
col
lec
ted
by
loc
al
org
ani
zat
ion
s
und
er
con
tra
ct
to
the
U.S
.
Arm
y
Cor
ps
of
Eng
ine
ers
dur
ing
the
mon
ths
of
May
and
Jun
e,
197
5.
Soi
l
sci
ent
ist
s
fro
m
the
Soi
l
Con
ser
vat
ion
Ser
vic
e
wer
e m
ade
ava
ila
ble
to
wor
k w
ith
eac
h
sam
pli
ng
uni
t
to
hel
p s
amp
le
and
des
cri
be
the
soi
l p
rof
ile
.
In
mos
t c
ase
s
sam
ple
s w
ere
col
-
lec
ted
wit
h t
he
ass
ist
anc
e o
f S
oil
Con
ser
vat
ion
Ser
vic
e p
ers
onn
el.
Com
pos
ite
sam
ple
s
wer
e
gen
era
lly
tak
en
fro
m e
ach
maj
or
soi
l
hor
izo
n
wit
hin
the
blu
ff.
The
num
ber
of
sam
ple
s
nee
ded
to
ade
qua
tel
y
sam
ple
the
sho
rel
ine
pro
fil
e
was
det
erm
ine
d,
whe
re
pos
sib
le,
by
a
rep
res
ent
ati
ve
of
the
Soi
l
Con
ser
vat
ion
Ser
vic
e.
In
mos
t
cas
es,
com
pos
ite
sam
ple
s w
ere
col
lec
ted
fro
m
eac
h m
ajo
r
soi
l
hor
izo
n
(A,
B,
and
C).
At
lea
st
two
or
mor
e
sam
ple
s
fro
m e
ach
blu
ff
pro
fil
e w
ere
obt
ain
ed.
Sam
ple
s
wer
e
obt
ain
ed
so
as
to
be
as
rep
res
ent
ati
ve
as
pos
sib
le
of
unw
eat
her
ed
mat
eri
al
fro
m t
he
hor
izo
n w
hic
h w
as
sam
ple
d.
In
som
e c
ase
s
sam
ple
s
wer
e
obt
ain
ed
fro
m b
oth
the
top
of
the
blu
ff
and
blu
ff
fac
e
(only
profi
les w
ithin
the
State
of Mi
chiga
n).
Sampl
es f
rom t
he to
p of
the b
luff
were
gen
era
lly
obt
ain
ed
by
tak
ing
a v
ert
ica
l
cor
e
sam
ple
.
Sam
ple
s
fro
m
the
fac
e
of
the
bl
uf
f
we
re
ob
ta
in
ed
by
ta
ki
ng
a
ho
ri
zo
nt
al
co
re
us
ua
ll
y
in
th
e
C
ho
ri
zo
n.
De
sc
ri
pt
io
ns
of
th
e
bl
uf
f
as
we
ll
as
th
e
ge
ne
ra
l
ch
ar
ac
te
ri
st
ic
s
of
th
e
so
il
wer
e
mad
e
in
the
fie
ld
by
the
con
tra
cto
r
and
the
rep
res
ent
ati
ve
of
the
Soi
l
Con
ser
vat
ion
Ser
vic
e
(if
pre
sen
t).
The
des
cri
pti
on
inc
lud
es
inf
orm
ati
on
on
the
pr
of
il
e
sa
mp
le
d,
th
e
de
pt
h
of
th
e
sa
mp
le
fr
om
th
e
to
p
of
th
e
bl
uf
f,
wh
et
he
r
th
e
sa
mp
le
wa
s
ta
ke
n
fr
om
th
e
fa
ce
or
th
e
t0p
of
th
e
bl
uf
f,
th
e
co
or
di
na
te
s
of
th
e
pr
of
il
e
lo
ca
ti
on
,
an
d
a
ge
ne
ra
l
ac
co
un
t
of
th
e
ty
pe
of
so
il
sa
mp
le
s.
Th
is
ac
co
un
t
in
cl
ud
ed
th
e
so
il
te
xt
ur
e,
th
e
pH
of
th
e
so
il
,
th
e
ty
pe
of
bo
un
da
ry
be
tw
ee
n
ho
ri
zo
ns
,
an
d
ot
he
r
ap
pr
op
ri
at
e
in
fo
rm
at
io
n.
Un
fo
rt
un
at
el
y,
no
t
al
l
pr
of
il
es
we
re
de
sc
ri
be
d
in
th
e
sa
me
le
ve
l
of
de
ta
il
.
Pr
of
il
es
fr
om
co
un
ti
es
in
th
e
St
at
e
of
Mi
ch
ig
an
we
re
us
ua
ll
y
de
sc
ri
be
d
in
gr
ea
te
r
de
ta
il
th
an
pr
of
il
es
fr
om
ot
he
r
st
at
es
.
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 Th
er
e
we
re
al
so
mo
re
sa
mp
le
s
pe
r
pr
of
il
e
fr
om
Mi
ch
ig
an
co
un
ti
es
th
an
no
rm
al
ly
fo
un
d
in
ot
he
r
co
un
ti
es
.
Si
x
ou
t
of
11
c0
un
ti
es
su
rv
ey
ed
we
re
in
th
e
St
at
e
of
Mi
ch
ig
an
an
d
th
e
ma
jo
ri
ty
of
to
ta
l
sa
mp
le
s
ob
ta
in
ed
we
re
al
so
fr
om
th
is
St
at
e
so
as
a
re
su
lt
mo
st
of
th
e
to
ta
l
pr
of
il
es
ar
e
fa
ir
ly
we
ll
de
sc
ri
be
d.
In
so
me
ca
se
s,
de
ta
il
ed
ma
ps
we
re
pr
ov
id
ed
by
th
e
co
nt
ra
ct
or
s
co
ll
ec
ti
ng
th
e
sa
mp
le
s
wh
ic
h
sp
ec
if
ie
d
un
iq
ue
ch
ar
ac
te
ri
st
ic
s
of
th
e
pr
of
il
e
or
th
e
ex
ac
t
lo
ca
ti
on
of
th
e
pr
of
il
e.
A
su
mm
ar
y
of
th
e
av
ai
la
bl
e
de
sc
ri
pt
io
ns
as
we
ll
as
th
e
re
su
lt
s
of
th
e
ch
em
ic
al
an
al
ys
es
of
th
e
sa
mp
le
s
is
fo
un
d
in
Ap
pe
nd
ix
A
Preservation and Storage
No
sp
ec
ia
l
ad
ju
st
me
nt
s
we
re
ma
de
to
pr
es
er
ve
or
st
or
e
th
e
sa
mp
le
s
fr
om
th
e
ti
me
th
ey
we
re
co
ll
ec
te
d
un
ti
l
th
e
ti
me
th
ey
we
re
sh
ip
pe
d
to
th
e
Ce
nt
ra
l
Re
gi
on
al
La
bo
ra
to
ry
of
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
in
Oc
to
be
r,
19
75
.
On
ce
at
th
e
EP
A
la
bo
ra
to
ry
,
sa
mp
le
s
we
re
re
fr
ig
er
at
ed
(b
ut
no
t
fr
oz
en
).
Si
nc
e
so
il
in
th
e
fi
el
d
is
co
ns
ta
nt
ly
ex
po
se
d
to
th
e
va
ri
ab
le
we
at
he
r
co
nd
it
io
ns
fo
un
d
in
th
e
Gr
ea
t
La
ke
s
(f
re
ez
in
g,
th
aw
in
g)
,
it
wo
ul
d
be
ex
pe
ct
ed
th
at
no
ma
jo
r
ch
an
ge
s
w0
ul
d
oc
cu
r
in
th
e
sa
mp
le
s.
Ho
we
ve
r,
it
is
re
as
on
ab
le
to
ex
pe
ct
th
at
so
me
ch
an
ge
s,
in
th
e
ch
em
ic
al
fo
rm
or
as
so
ci
at
io
n
of
so
me
sp
ec
ie
s,
al
th
ou
gh
pr
ob
ab
ly
re
la
ti
ve
ly
sm
al
l,
ma
y
ha
ve
oc
cu
rr
ed
.
Fo
r
ex
am
pl
e,
th
er
e
ma
y
ha
ve
be
en
so
me
co
nv
er
si
on
fr
om
so
lu
bl
e
to
pa
rt
ic
ul
at
e
ph
os
ph
or
us
or
vi
ce
ve
rs
a
du
ri
ng
th
e
st
or
ag
e
pe
ri
od
.
Si
nc
e
th
e
ob
je
ct
of
th
is
st
ud
y
wa
s
to
ge
t
a
ge
ne
ra
l
id
ea
of
th
e
ch
em
ic
al
lo
ad
in
g
of
ma
te
ri
al
s
to
th
e
Gr
ea
t
La
ke
s,
an
y
ch
an
ge
s
wh
ic
h
mi
gh
t
oc
cu
r
in
th
e
ch
em
ic
al
co
mp
os
it
io
n
of
th
e
ma
te
ri
al
,
wh
et
he
r
ch
em
ic
al
or
bi
ol
og
ic
al
,
pr
ob
ab
ly
wo
ul
d
no
t
significantly affect the loading estimates.
ANALYTICAL METHODS
Al
l
an
al
ys
es
of
sh
or
el
in
e
sa
mp
le
s
we
re
co
nd
uc
te
d
by
th
e
Ce
nt
ra
l
Re
gi
on
al
La
bo
ra
to
ry
of
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
,
Re
gi
on
V.
A
br
ie
f
de
s—
cr
ip
ti
on
of
th
e
an
al
yt
ic
al
te
ch
ni
qu
es
us
ed
,
as
pr
ov
id
ed
by
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
,
is
gi
ve
n
be
lo
w.
Fo
r
mo
re
de
ta
il
ed
in
fo
rm
at
io
n
on
th
e
an
al
yt
ic
al
te
ch
ni
qu
es
us
ed
,
re
ad
er
s
sh
ou
ld
co
ns
ul
t
"M
et
ho
ds
fo
r
Ch
em
ic
al
An
al
ys
is
of
Wa
te
r
an
d
Wa
st
e"
(E
PA
,
19
74
)
or
th
e
Ce
nt
ra
l
Re
gi
on
al
La
bo
ra
to
ry
of
U.
S.
EP
A
di
re
ct
ly
.
Up
on
re
ce
ip
t
at
th
e
Ce
nt
ra
l
Re
gi
on
al
La
bo
ra
to
ry
,
so
il
sa
mp
le
s
we
re
re
fr
ig
er
at
ed
.
Sa
mp
le
pr
ep
ar
at
io
n
co
ns
is
te
d
of
mi
xi
ng
sa
mp
le
s
ge
nt
ly
to
in
su
re
th
at
a
re
pr
es
en
t—
at
iv
e
al
iq
uo
t
co
ul
d
be
ta
ke
n.
Th
re
e
al
iq
uo
ts
we
re
ta
ke
n
fo
r
an
al
ys
is
.
Al
iq
uo
t
A
wa
s
ob
ta
in
ed
fr
om
a
mi
ld
ac
id
ex
tr
ac
ti
on
.
Th
is
te
ch
ni
qu
e
wa
s
us
ed
to
pr
ov
id
e
an
es
ti
ma
te
of
th
e
co
nc
en
tr
at
io
n
of
"a
va
il
ab
le
"
ma
te
ri
al
S-
On
e
to
tw
o
gr
am
s
(d
ry
we
ig
ht
ba
si
s)
we
re
ad
de
d
to
20
0
ml
of
0.
05
N
HC
l
in
a
25
0
ml
ce
nt
ri
fu
ge
tu
be
.
Th
e
mi
xt
ur
e
wa
s
sh
ak
en
fo
r
tw
o
ho
ur
s
on
a
Bu
rr
el
l
wr
is
t
ac
ti
on
sh
ak
er
an
d
th
en
ce
nt
ri
fu
ge
d
at
ap
pr
ox
im
at
el
y
25
,0
00
g
fo
r
15
mi
nu
te
s.
Th
e
de
ca
na
te
d
su
pe
rn
at
e
wa
s
th
en
us
ed
fo
r
an
al
ys
is
.
Al
iq
uo
t
B
wa
s
dr
ie
d
at
10
5°
C
to
a
co
ns
ta
nt
we
ig
ht
an
d
th
e
pe
rc
en
t
mo
is
tu
re
ca
lc
ul
at
ed
.
Th
e
dr
ie
d
sa
mp
le
wa
s
us
ed
fo
r
al
l
to
ta
l
pa
ra
me
te
r
me
as
ur
em
en
ts
.
Al
iq
uo
t
C
wa
s
ai
r
dr
ie
d
an
d
us
ed
fo
r
pa
rt
ic
le
si
ze
an
d
sp
ec
if
ic
gr
av
it
y
me
as
ur
e—
ments.
20
 Nutrient Parameters
Tab
le
3 de
scr
ibe
s t
he
par
ame
ter
s a
nd
ana
lyt
ica
l m
eth
ods
use
d f
or
nut
rie
nts
:
TAB
LE
3.
PAR
AME
TER
S
AND
MET
HOD
S
FOR
NUT
RIE
NT
ANA
LYS
IS
OF
SHO
REL
INE
SOI
L S
AMP
LES
 
o
F
.0
m
U
o
H m
m H
U U
.9 é’i
Par
ame
ter
__
__
Met
hod
Or
th
o
Ph
os
ph
at
e—
P
X
Co
mb
in
ed
si
ng
le
co
lo
r
re
ag
en
t
me
th
od
(EPA, 1974)
To
ta
l
Ph
os
ph
or
us
X
X
Kj
el
da
hl
di
ge
st
io
n
fo
ll
ow
ed
by
co
mb
in
ed
si
ng
le
co
lo
r
re
ag
en
t
me
th
od
(EP
A,
197
4)
Am
mo
ni
a—
N
X
Co
lo
ri
me
tr
ic
ph
en
at
e
me
th
od
(E
PA
,
19
74
)
Ni
tr
at
e/
Ni
tr
it
e—
N
X
Ca
dm
iu
m
re
du
ct
io
n
me
th
od
(EP
A,
197
4)
To
ta
l
Kj
el
da
hl
N
X
X
Kj
el
da
hl
di
ge
st
io
n
fo
ll
ow
ed
by
co
lo
ri
—
metric phenate method
To
ta
l
Or
ga
ni
c
Ca
rb
on
X
X
Pe
rS
ul
fa
te
ox
id
at
io
n
fo
ll
ow
ed
by
IR
detection
Me
ta
l
an
d
Ot
he
r
El
em
en
ta
l
Pa
ra
me
te
rs
Tw
o
gr
am
al
iq
uo
ts
of
the
dr
ie
d
sa
mp
le
we
re
pa
ss
ed
th
ro
ug
h
a
#1
0
si
ev
e
an
d
di
ge
st
ed
in
24
ml
of
6 N
hy
dr
oc
hl
or
ic
ac
id
fo
r
on
e
ho
ur
,
us
in
g
a
Te
ch
ni
co
n
Bl
oc
k
Di
ge
st
er
at
a
di
ge
st
io
n
te
mp
er
at
ur
e
of
10
0
i
5°C
.
Sa
mp
le
s
we
re
th
en
di
lu
te
d
to
10
0
ml
an
d
ei
th
er
fi
lt
er
ed
or
ce
nt
ri
fu
ge
d
(or
bo
th
)
to
re
mo
ve
pa
rt
ic
ul
at
e
ma
tt
er
.
Th
e
so
lu
ti
on
wa
s
th
en
an
al
yz
ed
fo
r
Ag,
A1,
B,
Ba,
Ca,
Cd,
Co,
Cr,
Cu,
Fe,
Mg
,
Mn,
Mo,
Ni,
Pb,
Sn,
Ti,
V,
Y,
an
d
Zn
us
in
g
an
in
du
ct
iv
el
y
co
up
le
d
ar
go
n
pl
as
ma
em
is
si
on
sp
ec
tr
om
et
er
.
De
ta
il
ed
in
fo
rm
at
io
n
on
th
is
me
th
od
ma
y
be
ob
ta
in
ed
fr
om
Ro
ma
n
(1
97
5)
.
Th
e
so
lu
ti
on
s
re
su
lt
in
g
fr
om
th
e
mi
ld
ac
id
ex
tr
ac
ts
we
re
as
pi
ra
te
d
di
re
ct
ly
in
to
th
e
em
is
si
on
sp
ec
tr
om
et
er
.
Me
rc
ur
y
wa
s
me
as
ur
ed
us
in
g
fl
am
el
es
s
at
om
ic
ab
so
rp
ti
on
de
te
ct
io
n.
Sa
mp
le
s
fo
r
to
ta
l
me
rc
ur
y
we
re
fi
rs
t
di
ge
st
ed
by
the automated method (EPA, 1974).
So
me
sa
mp
le
s
fo
r
me
ta
ls
we
re
di
lu
te
d
(g
en
er
al
ly
1:1
0)
pr
io
r
to
an
al
ys
is
.
Co
ns
eq
ue
nt
ly
for
so
me
sa
mp
le
s
th
e
re
po
rt
ed
de
te
ct
io
n
li
mi
ts
we
re
no
t
al
wa
ys
un
if
or
m
fo
r
so
me
of
th
e
pa
ra
me
te
rs
.
Th
e
de
ci
si
on
on
di
lu
ti
on
wa
s
ba
se
d
on
th
e
oc
cu
rr
en
ce
of
ma
jo
r
co
mp
on
en
ts
(e
xc
ep
t
ca
lc
iu
m)
at
a
co
nc
en
tr
at
io
n
ex
ce
ed
in
g
50
00
pg
/g
.
Ac
co
rd
in
g
to
EP
A'
s
Ce
nt
ra
l
Re
gi
on
al
La
bo
ra
to
ry
,
th
is
pr
oc
ed
ur
e
wa
s
us
ed
be
ca
us
e
of
cu
rr
en
tl
y
un
do
cu
me
nt
ed
in
te
rf
er
en
ce
pr
ob
le
ms
as
so
ci
at
ed
wi
th
th
e
analytical method.
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 Trace Organic Parameters
 
Ei
gh
t
sa
mp
le
s
we
re
ex
tr
ac
te
d
ov
er
ni
gh
t
in
a
so
xh
le
t
ex
tr
ac
to
r
us
in
g
an
ac
et
on
e
so
lv
en
t.
Th
e
ex
tr
ac
ts
we
re
co
nc
en
tr
at
ed
to
le
ss
th
an
20
ml
,
ad
de
d
to
on
e
li
te
r
of
wa
te
r
an
d
th
e
wa
te
rs
ba
ck
-e
xt
ra
ct
ed
wi
th
15
%
me
th
yl
en
e
ch
or
id
e
in
he
xa
ne
.
Th
e
he
xa
ne
ex
tr
ac
ts
we
re
th
en
dr
ie
d
an
d
an
al
yz
ed
fo
r
tr
ac
e
or
ga
ni
cs
by
th
e
st
an
da
rd
se
mi
-
au
to
ma
te
d
Ce
nt
ra
l
Re
gi
on
al
La
bo
ra
to
ry
pr
oc
ed
ur
e
us
in
g
fl
or
iS
il
an
d
si
li
ci
c
ac
id
li
qu
id
ch
ro
ma
to
gr
ap
hy
,
fo
ll
ow
ed
by
du
al
-c
ol
um
n
ga
s
ch
ro
ma
to
gr
ap
hy
.
Pe
st
ic
id
es
we
re
se
pa
ra
te
d
fr
om
PC
Bs
an
d
ot
he
r
or
ga
ni
cs
by
el
ut
in
g
wi
th
di
ff
er
en
t
so
lV
en
t
mi
xt
ur
es
in
th
e
st
an
da
rd
fa
sh
io
n.
Mo
re
de
ta
il
ed
in
fo
rm
at
io
n
on
th
e
an
al
yt
ic
al
te
ch
ni
qu
es
us
ed
fo
r
tr
ac
e
or
ga
ni
c
an
al
ys
is
ma
y
be
ob
ta
in
ed
fr
om
th
e
Ce
nt
ra
l
Re
gi
on
al
La
bo
ra
to
ry
of
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
.
Physical Parameters
Al
iq
uo
t
C
wa
s
us
ed
fo
r
de
te
rm
in
in
g
th
e
pa
rt
ic
le
si
ze
di
st
ri
bu
ti
on
ac
co
rd
in
g
to
Am
er
ic
an
So
ci
et
y
fo
r
Te
st
in
g
an
d
Ma
te
ri
al
s
(A
ST
M)
pr
oc
ed
ur
e
D4
22
(s
ed
im
en
ta
ti
on
cy
li
nd
er
s)
.
La
rg
e
si
ze
pa
rt
ic
le
s
we
re
se
pa
ra
te
d
us
in
g
th
e
st
an
da
rd
si
ev
e
pr
oc
e—
du
re
.
Sp
ec
if
ic
gr
av
it
y
wa
s
de
te
rm
in
ed
on
Al
iq
uo
t
C
us
in
g
AS
TM
pr
oc
ed
ur
e
D8
54
—5
8.
Th
e
pe
rc
en
t
to
ta
l
so
li
ds
in
ea
ch
sa
mp
le
we
re
de
te
rm
in
ed
fr
om
Al
iq
uo
t
B
by
dr
yi
ng
at 105 °C to a constant weight.
Quality Control Statistics
Qu
al
it
y
co
nt
ro
l
da
ta
fr
om
th
e
an
al
ys
is
of
sh
or
el
in
e
so
il
sa
mp
le
s
an
al
yz
ed
by
U.S
.
EPA
are
giv
en
in
Tab
le
4.
All
sta
tis
tic
s w
ere
pro
vid
ed
by
the
Cen
tra
l
Regional Laboratory of U.S. EPA.
Ta
bl
e
4
sh
ow
s
th
at
th
er
e
is
a
co
ns
id
er
ab
le
ra
ng
e
in
th
e
co
nc
en
tr
at
io
n
of
va
ri
ou
s
Pa
ra
me
te
rs
fo
un
d
in
th
e
so
il
sa
mp
le
s,
as
wo
ul
d
be
ex
pe
ct
ed
.
Th
e
re
la
ti
ve
st
an
da
rd
de
vi
at
io
n
of
pa
ir
ed
sa
mp
le
s
fo
r
to
ta
l
ph
os
ph
or
us
wa
s
lo
we
r
Wh
en
th
e
co
nc
en
tr
at
io
n
ra
ng
e
wa
s
gr
ea
te
r
th
an
10
0
mg
/k
g
th
an
wh
en
th
e
ra
ng
e
wa
s
le
ss
th
an
10
0
mg
/k
g.
Th
e
re
la
ti
ve
st
an
da
rd
de
vi
at
io
n
of
pa
ir
ed
sa
mp
le
s
fo
r
ex
tr
ac
ta
bl
e
ph
os
ph
or
us
wa
s
qu
it
e
lo
w.
Th
e
re
la
ti
ve
st
an
da
rd
de
vi
at
io
n
of
pa
ir
ed
sa
mp
le
s
fo
r
ni
tr
og
en
sa
mp
le
s
is
re
as
on
ab
le
co
ns
id
er
in
g
th
e
of
te
n
en
co
un
te
re
d
hi
gh
va
ri
ab
il
it
y
of
ni
tr
og
en
an
al
ys
es
.
Th
e
ra
ng
e
in
co
nc
en
tr
at
io
ns
of
me
ta
ls
an
d
ot
he
r
ex
pe
ri
me
nt
al
pa
ra
me
te
rs
is
la
rg
e,
as
ca
n
be
se
en
in
Ta
bl
e
43
.
Ge
ne
ra
ll
y,
st
an
da
rd
de
vi
at
io
ns
of
pa
ir
ed
sa
mp
le
s
ar
e
gi
ve
n
fo
r
tw
o
di
ff
er
en
t
co
nc
en
tr
at
io
n
ra
ng
es
wh
en
th
er
e
wa
s
a large variability in concentration ranges.
On
e
of
th
e
re
as
on
s
fo
r
th
e
la
rg
e
ra
ng
e
in
th
e
co
nc
en
tr
at
io
n
of
tr
ac
e
el
em
en
ts
in
so
il
sa
mp
le
s
pr
ob
ab
ly
li
es
in
th
e
fa
ct
th
at
hi
gh
am
ou
nt
s
of
on
e
or
mo
re
co
mm
on
co
mp
on
en
ts
in
th
e
so
il
ca
n
di
lu
te
ou
t
tr
ac
e
co
mp
on
en
ts
.
In
ot
he
r
wo
rd
s
co
nc
en
tr
at
io
ns
in
th
e
so
li
d
ph
as
e
(w
ei
gh
t
pe
r
we
ig
ht
)
ar
e
no
t
di
re
ct
ly
co
mp
ar
ab
le
to
aq
ue
ou
s
ph
as
e
co
nc
en
tr
at
io
ns
(w
ei
gh
t
pe
r
vo
lu
me
).
Th
is
is
be
ca
us
e
th
e
re
fe
r—
en
ce
in
wa
te
r
is
a
co
ns
ta
nt
wh
il
e
th
e
re
fe
re
nc
e
in
so
il
or
se
di
me
nt
(t
he
bu
lk
ma
te
ri
al
)
ha
s
a
va
ri
ab
le
co
mp
os
it
io
n.
As
an
ex
am
pl
e,
Bo
rt
le
so
n
an
d
Le
e
(1
97
4)
ha
ve
sh
ow
n
th
at
mo
st
of
th
e
ol
ig
ot
ro
ph
ic
,
un
pr
od
uc
ti
ve
la
ke
s
in
no
rt
he
rn
Wi
sc
on
si
n
ha
ve
hi
gh
er
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
in
th
e
se
di
me
nt
s
th
an
th
e
hi
gh
ly
fe
rt
il
e,
eu
tr
op
hi
c
la
ke
s
in
th
e
so
ut
he
rn
pa
rt
of
th
e
St
at
e.
Si
nc
e
la
ke
se
di
me
nt
s
te
nd
to
22
 (
I
)
TABLE 4
QUALITY CONTROL DATA FROM SHORELINE SOIL SAMPLES
ANALYSIS CONDUCTED BY U.S. EPA
A. Nutrient Parameters
Parameter
Total Phosphorus
Total Phosphorus
Extractable Phosphorus
Total Kjeldahl Nitrogen
Total Kjeldahl Nitrogen
Extractable Kjeldahl Nitrogen
B. Metals and other Elemental Parameters
Acid Extractable)
Parameter
Ca
Mg
Na
Ag
Al
Ba
Be
Cd
Co
Cr
Cu
Fe
Mo
Ni
Pb
Sn
Ti
Zn
Conc. Range, mg/kg
60—2500
2500—4000
5-1000
1000—6000
5—100
I
n
s
u
f
f
i
c
i
e
n
t
D
a
t
a
5—50
50-1000
l—4
15-50
50—400
0.3—50
50—150
2
Insufficient Data
3—25
I
n
s
u
f
f
i
c
i
e
n
t
D
a
t
a
0.3-4
I
n
s
u
f
f
i
c
i
e
n
t
D
a
t
a
0.3-4
2—5
23
Cone. Range, mg/kg
:>lOO mg/kg
< 100 mg/kg
all
> 100 mg/kg
<< lOO mg/kg
all
(0.05N Hydrochloric
3 SD*, mg/kg
9 59
7 945
10 32.7
5 108
15 2.5
7 1.5
9 29.2
14 0.17
8 0.15
8 1.7
3 0.02
1
5
0
.
0
7
5
0
.
1
1
5 0.09
6 0.07
6 2.6
9 8.7
10 0.49
6 3.3
8 0.17
3 1.5
9 0.13
10 0.18
9 0.5
R51)", 7.
26
34
6
27
18
27
 
 TABLE 4 (continued)
C.
Me
ta
l
an
d
Ot
he
r
El
em
en
ta
l
Pa
ra
me
te
rs
—
6N
Hy
dr
oc
hl
or
ic
Ac
id
Digested
Pa
ra
me
te
r
Co
nc
.
Ra
ng
e,
mg
/k
g
.3
SD
*,
mg
/k
g
Ca
10
0—
15
00
18
11
9
15
00
-7
00
0
11
19
1
Mg
50
—5
00
7
33
.5
50
0-
50
00
14
27
3
Na
10
—5
0
20
7.
8
50
—5
00
12
39
.2
Ag Insufficient Data
Al
20
0—
10
00
18
45
B
1—
10
15
0.
74
10-50 12 3.9
Ba
1—
10
0
29
2.
39
Be Insufficient Data
Cd
0.
5
5
0.
11
Co
1—
20
16
1.
06
20
—3
00
12
13
.9
Cr
1—
50
28
1.
58
Cu
0.
5-
50
27
1.
08
Fe
50
0—
50
00
17
23
9
Mn
10
—1
00
17
3.4
100—500 13 35
Mo Insufficient Data
Ni Insufficient Data
Pb
5—
20
6
0.
9
Sn Insufficient Data
Ti
40
-1
00
0
26
34
V
1-
10
0
25
6.
8
Y Insufficient Data
Zn
2-
50
33
2.
7
*
RS
D,
Re
la
ti
ve
st
an
da
rd
de
vi
at
io
n
of
pa
ir
ed
sa
mp
le
s
SD, Eg_ Standard deviation of paired samples
kg
24
 be a sink for phosphorus (Sonzogni at 21,, 1976) it might be expected that the
more
fert
ile
lake
s wo
uld
have
high
er s
edim
ent
phos
phor
us c
once
ntra
tion
s.
Howe
ver,
the northern lakes are soft water lakes with little calcium carbonate precipitation,
whil
e th
e so
uthe
rn l
akes
typi
call
y ha
ve v
ery
hard
wate
r an
d hi
gh r
ates
of c
alci
um
carb
onat
e pr
ecip
itat
ion.
The
calc
ium
carb
onat
e co
nten
t of
the
sedi
ment
dilu
tes
the
phosp
horus
and o
ther
trace
compo
nents
so th
at t
he co
ncent
ratio
n on
a wei
ght p
er
weig
ht b
asis
is l
ess
for
the
more
prod
ucti
ve l
akes
, e
ven
thou
gh t
he d
epos
itio
n ra
tes
of t
he t
race
elem
ents
may
be h
ighe
r.
Thus
, wh
en i
nter
pret
ing
shor
elin
e ch
emic
al
data
, th
e ef
fect
of d
ilut
ion
by m
ajor
cons
titu
tent
s on
the
trac
e el
emen
t co
mpos
i—
tion must be considered.
 
RESULTS OF ANALYSIS OF SHORELINE SAMPLES
App
end
ix
A p
rov
ide
s t
he
res
ult
s o
f t
he
ana
lys
is
of
the
sam
ple
s c
oll
ect
ed
fro
m 4
9 d
iff
ere
nt
sho
rel
ine
pro
fil
es
in
11
cou
nti
es.
Inc
lud
ed
wit
h t
his
che
mic
al
and
phy
sic
al
dat
a a
re
the
nar
rat
ive
des
cri
pti
ons
of
the
pro
fil
es
bas
ed
on
the
field notes provided by the agencies that obtained the samples.
No
ana
lys
es
wer
e m
ade
on
sam
ple
s 1
53-
3—1
thr
oug
h 1
53-
3—4
in
Sch
ool
cra
ft
Cou
nty
,
Mic
hig
an
due
to
eit
her
mis
sin
g s
amp
les
or
to
lar
ge
roc
ks
in
the
sam
ple
whic
h ma
de r
epre
sent
ativ
e an
alys
is i
mpos
sibl
e.
Simi
larl
y,
samp
le D
33—3
—8 i
n Ch
ippe
wa
Cou
nty
(Pr
ofi
le
2)
and
sam
ple
NY-
3—4
in
Osw
ego
Cou
nty
(Pr
ofi
le
3)
wer
e n
ot
ana
lyz
ed.
Mo
re
de
ta
il
ed
de
sc
ri
pt
io
ns
of
th
e
lo
ca
ti
on
of
th
e
pr
of
il
es
ma
y
be
fo
un
d
‘
in
th
e
Gr
ea
t
La
ke
s
Sh
or
el
an
d
Da
ma
ge
Su
rv
ey
re
po
rt
s
pr
ov
id
ed
fo
r
th
e
11
co
un
ti
es
surveyed (U.S. Army Corps of Engineers, 1976).
Ta
bl
e
5
co
mp
ar
es
th
e
co
nc
en
tr
at
io
n
ra
ng
es
of
se
ve
ra
l
pa
ra
me
te
rs
ob
ta
in
ed
fro
m
the
ana
lys
is
of
the
sho
rel
ine
sam
ple
s
fro
m
thi
s
stu
dy
wit
h
the
con
cen
tra
tio
n
ran
ges
fou
nd
for
dif
fer
ent
Gre
at
Lak
es
Bas
in
soi
l s
amp
les
rep
ort
ed
in
oth
er
st
ud
ie
s.
Th
is
ta
bl
e
in
di
ca
te
s
th
at
th
e
co
nc
en
tr
at
io
ns
ob
ta
in
ed
in
th
e
sh
or
el
in
e
pr
of
il
e
an
al
ys
es
ar
e
wi
th
in
th
e
sa
me
ra
ng
e
as
ot
he
r
so
il
s
st
ud
ie
d
in
th
e
Ba
si
n.
The
con
cen
tra
tio
ns
of
oth
er
par
ame
ter
s
det
erm
ine
d
for
the
sho
rel
ine
sam
ple
s
are
al
so
ge
ne
ra
ll
y
wi
th
in
th
e
co
nc
en
tr
at
io
n
ra
ng
e
fo
un
d
fo
r
si
mi
la
r
so
il
s
(B
ra
dy,
19
74
;
Ca
rt
er
,
197
5;
He
lm
ke
et
al.
,
19
76
;
So
mm
er
s
g£
_g
l.
,
19
75
;
Ve
at
ch
,
19
53
an
d
Wi
ld
in
g
and
Log
an,
197
6).
Thu
s,—
whi
le
the
re
are
sig
nif
ica
nt
var
iat
ion
s
in
the
con
cen
tra
-
ti
on
s
re
po
rt
ed
fr
om
on
e
sh
or
el
in
e
sa
mp
le
to
an
ot
he
r,
th
e
co
nc
en
tr
at
io
ns
do
fa
ll
wit
hin
the
gen
era
l r
ang
es
fou
nd
for
oth
er
soi
ls
in
the
bas
in.
Nutrient Parameters
Co
nc
en
tr
at
io
ns
of
to
ta
l
ph
os
ph
or
us
,
ex
tr
ac
ta
bl
e
to
ta
l
ph
os
ph
or
us
,
ex
tr
ac
ta
bl
e
or
th
o
ph
os
ph
or
us
,
ex
tr
ac
ta
bl
e
am
mo
ni
a
ni
tr
og
en
,
ex
tr
ac
ta
bl
e
ni
tr
it
e/
ni
tr
at
e
ni
tr
og
en
,
to
ta
l
kj
el
da
hl
ni
tr
og
en
,
an
d
to
ta
l
an
d
ex
tr
ac
ta
bl
e
or
ga
ni
c
ca
rb
on
ar
e
re
po
rt
ed
in
Ap
pe
nd
ix
A
.
To
ta
l
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
as
sh
ow
n
in
Ta
bl
e
5 r
an
ge
d
fr
om
13
-1
40
0
pg
/g
P.
In
ge
ne
ra
l,
to
ta
l
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
te
nd
to
be
lo
we
st
in
th
e
sh
or
el
in
e
so
il
sa
mp
le
s
ta
ke
n
fr
om
th
e
ea
st
er
n
sh
or
e
of
La
ke
Mi
ch
ig
an
and from the western shore of Lake Huron.
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 TA
BL
E
5.
CO
MP
AR
IS
ON
OF
ME
AS
UR
ED
CO
NC
EN
TR
AT
IO
N
RA
NG
ES
FR
OM
DI
FF
ER
EN
T
ST
UD
IE
S
OF
GR
EA
T
LA
KE
S
BA
SI
N
SO
IL
S
To
ta
l
P
Ra
ng
e,
ug
ig
B
Ve
at
ch
(19
53)
70
-3
00
18
Wilding and Logan (1976) 208-1834 53
Car
ter
(19
75)
36-
681
20
(Hydrolyzable P)
Thi
s
Stu
dy
13-
140
0
164
To
ta
l
N
Ra
ng
e,
pg
/g
n
Wi
ld
in
g
&
Lo
ga
n
(19
76)
33
6—
ll
,5
08
53
Thi
s
Stu
dy
9-3
,60
0
164
Total Fe
Vea
tch
(19
5
)
SOC
—37
,90
0
33
Ca
rt
er
(19
75)
ll
OO
-S
7,
90
0
20
Thi
s
Stu
dy
468
—49
,90
0
164
Total Pb
Ca
rt
er
(19
75)
0-
22
7
20
Thi
s
Stu
dy
(
3—2
53
164
Ext
rac
tab
le
ort
ho
pho
sph
oru
s
and
ext
rac
tab
le
tot
al
pho
sph
oru
s
con
cen
tra
tio
ns
ar
e
ge
ne
ra
ll
y
ve
ry
si
mi
la
r.
Ex
tr
ac
ta
bl
e
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
for
mo
st
of
th
e
sa
mp
le
s
ar
e
le
ss
th
an
50
pe
rc
en
t
of
th
e
to
ta
l
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
.
Ho
we
ve
r,
fo
r
so
me
sa
mp
le
s
(St
.
Lo
ui
s
Co
un
ty
,
Mi
nn
es
ot
a
sh
or
el
in
e
so
il
s,
fo
r
exa
mpl
e)
the
ext
rac
tab
le
pho
sph
oru
s c
onc
ent
rat
ion
s a
re
abo
ut
as
lar
ge
as
the
tot
al
phosphorus concentrations.
Ex
tr
ac
ta
bl
e
ni
tr
at
e/
ni
tr
it
e—
N
an
d
ex
tr
ac
ta
bl
e
am
mo
ni
a—
N
co
nc
en
tr
at
io
ns
ar
e
gen
era
lly
low
but
var
iab
le.
The
hig
hes
t
nit
rit
e/n
itr
ate
con
cen
tra
tio
n
is
fou
nd
in Ra
cine
Count
y (s
ample
numbe
r R—4
-l)
when
a val
ue of
60 ug
/g N
was
found
. T
he
large
st a
mmoni
a—N v
alue,
36 ug
/g N,
is fo
und
in Do
uglas
Profi
le 3
(samp
le nu
mber
D—3—
l).
Many
extr
acta
ble
ammo
nia
valu
es w
ere
belo
w th
e de
tect
ion
limi
t fo
r th
e
‘analysis.
Th
e
ra
ng
e
of
co
nc
en
tr
at
io
ns
re
po
rt
ed
fo
r
to
ta
l
Kj
el
da
hl
ni
tr
og
en
ob
ta
in
ed
fo
r
the
sho
rel
ine
soi
ls
is
sho
wn
in
Tab
le
4 .
As
wou
ld
be
exp
ect
ed
whe
n
com
par
ing
div
ers
e s
oil
sam
ple
s,
the
re
is
a t
rem
end
ous
ran
ge
in
tot
al
N c
onc
ent
rat
ion
s.
Th
e
ra
ng
e
wa
s
ev
en
gr
ea
te
r
fo
r
st
re
am
ba
nk
sa
mp
le
s
an
al
yz
ed
fo
r
PL
UA
RG
(W
il
di
ng
an
d
Log
an,
197
6).
Som
ewh
at
low
er
tot
al
N
con
cen
tra
tio
ns
are
pre
val
ent
fro
m c
oun
tie
s
al
on
g
ea
st
er
n
La
ke
Mi
ch
ig
an
an
d
we
st
er
n
La
ke
Hu
ro
n.
Or
ga
ni
c
ca
rb
on
co
nc
en
tr
at
io
ns
ar
e
al
so
qu
it
e
va
ri
ab
le
,
ag
ai
n
as
wo
ul
d
be
ex
pe
ct
ed
.
No
tr
en
ds
in
or
ga
ni
c
ca
rb
on
concentrations are apparent from the data in Appendix A .
Metal and Other Elemental Parameters
A n
umb
er
of
met
als
wer
e m
eas
ure
d
alt
hou
gh
the
y
are
not
inc
lud
ed
in
App
end
ix
A
-
26
 Sil
ver
,
bot
h t
ota
l a
nd
ext
rac
tab
le,
was
mea
sur
ed,
but
was
alw
ays
fou
nd
to
be
bel
ow
the
det
ect
ion
lim
it,
whi
ch
was
eit
her
1 o
r 1
0 u
g/g
for
tot
al
sil
ver
and
l o
r 2
for
ext
rac
tab
le
sil
ver
.
The
res
ult
s
for
sil
ver
,
how
eve
r,
sho
uld
act
ual
ly
be
dis
re—
gar
ded
as
HCl
ext
rac
tio
n a
nd
dig
est
ion
wou
ld
pre
cip
ita
te
rat
her
tha
n e
xtr
act
sil
ver
due
to
the
for
mat
ion
of
hig
hly
ins
olu
ble
AgC
l.
Nic
kel
was
als
o m
eas
ure
d,
bu
t
no
t
in
cl
ud
ed
in
Ap
pe
nd
ix
A
.
Al
l
to
ta
l
ni
ck
el
sa
mp
le
s
we
re
le
ss
th
an
5
or
50
ng/
g
exc
ept
sam
ple
s
153
—3—
1
thr
oug
h 1
53-
3-4
(47
7
ug/
g),
sam
ple
SL—
S-Z
(14
8 u
g/g
),
an
d
sa
mp
le
R—
4—
3
(96
ug
/g
).
Al
l
ex
tr
ac
ta
bl
e
ni
ck
el
va
lu
es
we
re
re
po
rt
ed
as
le
ss
th
an
3,
le
ss
th
an
5,
or
le
ss
th
an
10
ug/
g.
To
ta
l b
er
yl
li
um
is
no
t
re
po
rt
ed
in
Ap
pe
nd
ix
A
si
nc
e
al
l
va
lu
es
we
re
le
ss
th
an
1
or
le
ss
th
an
10
ug
/g
de
pe
nd
in
g
on
th
e
di
lu
ti
on
use
d.
Si
mi
la
rl
y,
ex
tr
ac
ta
bl
e
be
ry
ll
iu
m
wa
s
fo
un
d
to
be
al
wa
ys
le
ss
th
an
1
or
le
ss
th
an
0.
3
ug/
g.
To
ta
l
me
rc
ur
y
wa
s
an
al
yz
ed
bu
t
is
no
t
re
po
rt
ed
in
Ap
pe
nd
ix
A
si
nc
e
al
l
va
lu
es
we
re
re
po
rt
ed
to
be
le
ss
th
an
0.
1
ug
/g
ex
ce
pt
sa
mp
le
06
3-
7—
2
(0
.2
ug
/g
).
Ex
tr
ac
ta
bl
e
me
rc
ur
y
wa
s
no
t
an
al
yz
ed
du
e
to
th
e
lo
w
to
ta
l
values.
Ca
lc
iu
m
an
d
ma
gn
es
iu
m
co
nc
en
tr
at
io
ns
re
po
rt
ed
in
Ap
pe
nd
ix
A
sh
ow
a
wi
de
va
ri
ab
il
it
y.
Ho
we
ve
r,
so
me
of
th
e
sa
mp
le
s
fr
om
La
ke
Mi
ch
ig
an
an
d
La
ke
Hu
ro
n
sh
or
e-
li
ne
s
ha
ve
lo
we
r
co
nc
en
tr
at
io
ns
th
an
sa
mp
le
s
fr
om
ot
he
r
sh
or
el
in
es
.
So
di
um
co
nc
en
-
tr
at
io
ns
ar
e
al
so
qu
it
e
va
ri
ab
le
an
d
ma
ny
of
th
e
sa
mp
le
s
re
po
rt
co
nc
en
tr
at
io
ns
le
ss
th
an
25
0
ug
/g
.
Hi
gh
er
va
lu
es
ca
n
be
fo
un
d
fo
r
to
ta
l
so
di
um
in
St
.
Lo
ui
s
Co
un
ty
an
d
th
e
Wi
sc
on
si
n
co
un
ti
es
.
Ex
tr
ac
ta
bl
e
so
di
um
is
va
ri
ab
le
,
bu
t
te
nd
s
to
be
lo
we
st
in
th
e
Mi
ch
ig
an
co
un
ti
es
.
Th
e
ra
ng
e
of
co
nc
en
tr
at
io
ns
fo
un
d
fo
r
to
ta
l
ir
on
is
sh
ow
n
in
Ta
bl
e
5
.
Th
e
to
ta
l
ir
on
co
nc
en
tr
at
io
ns
re
po
rt
ed
fo
r
th
e
sh
or
el
in
e
sa
mp
le
s
sh
ow
th
e
sa
me
la
rg
e
ra
ng
e
as
ot
he
r
so
il
sa
mp
le
s.
So
me
co
un
ti
es
ha
ve
si
gn
if
ic
an
tl
y
lo
we
r
co
nc
en
tr
at
io
ns
th
an
ot
he
rs
,
ho
we
ve
r,
ex
tr
ac
ta
bl
e
ir
on
is
ge
ne
ra
ll
y
an
or
de
r
of
ma
gn
it
ud
e
le
ss
th
an
to
ta
l
ir
on
co
nc
en
tr
at
io
ns
an
d
di
sp
la
ys
si
mi
la
r
va
ri
ab
il
it
y
fr
om
sa
mp
le
to
sa
mp
le
.
Ma
ng
an
es
e
co
nc
en
tr
at
io
ns
in
th
e
sh
or
el
in
e
so
il
s
do
no
t
ex
hi
bi
t
as
gr
ea
t
a
co
nc
en
tr
at
io
n
ra
ng
e
as
ir
on
,
bu
t
th
e
pa
tt
er
n
ov
er
va
ri
ou
s
sh
or
e
pr
of
il
es
do
es
se
em
to
fo
ll
ow
th
at
of
ir
on
co
nc
en
tr
at
io
ns
,
as
wo
ul
d
be
ex
pe
ct
ed
du
e
to
th
e
si
mi
la
r
ch
em
is
tr
y
of
ir
on
an
d
ma
ng
an
es
e.
Ex
tr
ac
ta
bl
e
ma
ng
an
es
a
is
al
so
co
ns
id
er
ab
ly
le
ss
th
an
to
ta
l
ma
ng
an
es
e
bu
t
va
ri
es
fr
om
sa
mp
le
to
sa
mp
le
in
a
ma
nn
er
si
mi
la
r
to
total manganese.
To
ta
l
an
d
ex
tr
ac
ta
bl
e
al
um
in
um
al
so
se
em
to
va
ry
am
on
g
sa
mp
le
s
in
a
fa
sh
io
n
si
mi
la
r
to
ir
on
.
Ex
tr
ac
ta
bl
e
al
um
in
um
te
nd
s
to
be
an
or
de
r
of
ma
gn
it
ud
e
le
ss
th
an
to
ta
l
al
um
in
um
co
nc
en
tr
at
io
ns
.
Ti
ta
ni
um
co
nc
en
tr
at
io
ns
ar
e
ag
ai
n
qu
it
e
va
ri
ab
le
,
al
th
ou
gh
th
e
Mi
ch
ig
an
co
un
ti
es
te
nd
to
be
lo
we
r
in
te
rm
s
of
ti
ta
ni
um
co
nc
en
tr
at
io
ns
co
mp
ar
ed
to
th
e
pr
of
il
es
fr
om
ot
he
r
co
un
ti
es
.
Ex
tr
ac
ta
bl
e
ti
ta
ni
um
is
ge
ne
ra
ll
y
lo
w,
pa
rt
ic
ul
ar
ly
re
la
ti
ve
to
to
ta
l
ti
ta
ni
um
va
lu
es
.
Mo
st
to
ta
l
bo
ro
n
co
nc
en
tr
at
io
ns
we
re
re
po
rt
ed
to
be
be
lo
w
th
e
de
te
ct
io
n
li
mi
t,
wh
ic
h
is
mu
ch
hi
gh
er
th
an
th
e
de
te
ct
io
n
li
mi
t
fo
r
ex
tr
ac
ta
bl
e
bo
ro
n.
Co
ns
eq
ue
nt
ly
,
ex
tr
ac
ta
bl
e
bo
ro
n
is
fr
eq
ue
nt
ly
re
po
rt
ed
in
Ap
pe
nd
ix
A
wi
th
co
nc
en
tr
at
io
ns
ge
ne
ra
ll
y
le
ss
th
an
10
ug
/g
.
Bo
th
to
ta
l
an
d
ex
tr
ac
ta
bl
e
ba
ri
um
co
nc
en
tr
at
io
ns
we
re
me
as
ur
ea
bl
e
in
a
gr
ea
te
r
nu
mb
er
of
sa
mp
le
s
th
an
bo
ro
n
co
nc
en
tr
at
io
ns
.
Ba
ri
um
co
nc
en
tr
at
io
ns
te
nd
to
be
hi
gh
es
t
in
sa
mp
le
s
fr
om
th
e
Mi
nn
es
ot
a
an
d
Wi
sc
on
si
n
co
un
ti
es
.
Ca
dm
iu
m
an
d
co
ba
lt
co
nc
en
tr
at
io
ns
we
re
al
mo
st
al
l
re
po
rt
ed
as
be
lo
w
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det
ect
ion
lim
its
.
Chr
omi
um
con
cen
tra
tio
ns
in
the
sho
rel
ine
soi
ls
are
als
o u
sua
lly
bel
ow
the
det
ect
ion
lim
it.
Som
e h
igh
tot
al
chr
omi
um
val
ues
wer
e r
epo
rte
d,
how
—
eve
r.
The
hig
hes
t
tot
al
chr
omi
um
con
cen
tra
tio
n i
s f
oun
d i
n a
Sch
ool
cra
ft
Cou
nty
sam
ple
(15
3—1
—2)
.
Cop
per
con
cen
tra
tio
ns
are
var
iab
le
and
man
y s
amp
les
hav
e
con
cen
tra
tio
ns
of
bot
h t
ota
l a
nd
ext
rac
tab
le
cop
per
bel
ow
the
lim
it
of
ana
lyt
ica
l
det
ect
ion
.
The
hig
hes
t c
opp
er
con
cen
tra
tio
ns
ten
d t
o b
e a
sso
cia
ted
wit
h t
he
wes
ter
n s
hor
e o
f L
ake
Sup
eri
or
and
som
e L
ake
Ont
ari
o s
hor
eli
ne
sam
ple
s.
Most
of t
he t
otal
moly
bden
um c
once
ntra
tion
s we
re
repo
rted
as l
ess
than
30 p
g/g
or
les
s t
han
300
pg/
g d
epe
ndi
ng
on
the
dil
uti
on
use
d.
Ext
rac
tab
le
val
ues
are
all
gen
era
lly
low
and
man
y o
f t
hem
wer
e r
epo
rte
d a
s b
elo
w 2
or
5 u
g/g
.
Mos
t t
in
con
cen
tra
tio
ns
wer
e r
epo
rte
d t
o b
e b
elo
w t
he
det
ect
ion
lim
it
whi
ch
for
tot
al
tin
is
les
s t
han
500
ug/
g.
Ext
rac
tab
le
tin
gen
era
lly
is
low
, l
ess
tha
n 3
ug/
g o
r
les
s t
han
10
pg/
g.
Sam
ple
R—l
-2
(Ra
cin
e C
oun
ty,
Pro
fil
e 1
) h
as
an
ext
rac
tab
le
tin
val
ue
of
32.
7 u
g/g
.
No
tre
nds
are
evi
den
t f
or
mol
ybd
enu
m o
r t
in.
Wit
h t
he
exc
ept
ion
of
a f
ew
sam
ple
s,
mos
t o
f
the
con
cen
tra
tio
ns
of
van
adi
um
in
the
sho
rel
ine
soi
l s
amp
les
are
les
s t
han
the
det
ect
ion
lim
its
for
bot
h t
ota
l
and
ext
rac
tab
le
van
adi
um.
Sim
ila
rly
,
mos
t o
f t
he
ytt
riu
m c
onc
ent
rat
ion
s w
ere
rep
ort
ed
as
bel
ow
the
det
ect
ion
lim
it.
As
sho
wn
in
Tab
le
5 t
ota
l l
ead
ran
ges
fro
m b
elo
w d
ete
cta
bil
ity
to
ove
r 2
00
ug/
g,
whi
ch
is
sim
ila
r t
o t
he
ran
ge
rep
ort
ed
by
Car
ter
(19
75)
in
his
ana
lys
is
of
Lak
e E
rie
sho
rel
ine
sam
ple
s.
Ext
rac
tab
le
lea
d
is
gen
era
lly
bel
ow
the
det
ect
ion
lim
it,
alt
hou
gh
som
e s
ign
ifi
can
t e
xtr
abl
e
lea
d c
onc
ent
rat
ion
s a
re
fou
nd
in
Rac
ine
Cou
nty
,
Wis
con
sin
.
Tot
al
lea
d c
onc
ent
ra—
tio
ns
are
als
o h
igh
est
in
thi
s c
oun
ty.
Zin
c c
onc
ent
rat
ion
s a
re
var
iab
le
as
sho
wn
in
App
end
ix
A .
No
tre
nds
in
zin
c c
onc
ent
rat
ion
s a
re
app
are
nt
fro
m t
he
rep
ort
ed
values.
Trace Organic Parameters
The
fol
low
ing
sam
ple
s w
ere
ana
lyz
edf
or
tra
ce
org
ani
c c
omp
oun
ds:
OOl
—l—
l,
033
-3—
2,
033
-4~
4,
063
—5—
1,
063
—9—
2,
SL—
3-l
, N
Y—3
-5,
and
D—3
—1.
The
se
sam
ple
s
wer
e a
nal
yze
d f
or:
hex
ach
lor
obe
nze
ne,
B-B
HC,
lin
dan
e,
tre
fla
n,
ald
rin
, z
ytr
on,
iso
dri
n,
hep
tac
hlo
r e
pox
ide
, ¥
chl
ord
ane
, o
,p—
DDE
, p
,p'
—DD
E,
o,p
—DD
D,
o,p
—DD
T,
p,p
'-D
DD,
p,p
'—D
DT,
car
bop
hen
oth
ion
, m
eth
oxy
chl
or,
mir
ex,
aro
clo
r 1
016
, a
roc
lor
124
8,
aro
clo
r 1
254
, a
roc
lor
126
0,
dib
uty
l p
hth
ala
te,
die
thy
l h
exy
l p
hth
ala
te.
All
organic parameters were reported below the detection limit of l ug/g-
Physical Parameters
Sp
ec
if
ic
gr
av
it
y
an
d
pe
rc
en
t
to
ta
l
so
li
ds
re
su
lt
s
ar
e
pr
es
en
te
d
in
Ap
pe
nd
ix
A
.
Sp
ec
if
ic
gr
av
it
y
va
lu
es
ra
ng
e
fr
om
a
lo
w
of
1.
79
to
a
hi
gh
of
2.
97
,
al
th
ou
gh
mo
st
of
th
e
sp
ec
if
ic
gr
av
it
y
va
lu
esa
re
in
th
e
ra
ng
e
of
2.
5
to
2.7
.
Pe
rc
en
t
to
ta
l
so
li
ds
ran
ge
fro
m 9
9.8
to
67.
4
per
cen
t w
ith
mos
t
of
the
val
ues
in
the
80
and
90
per
cen
t
range.
Re
su
lt
s
of
pa
rt
ic
le
si
ze
de
te
rm
in
at
io
ns
ar
e
sh
ow
n
in
Ap
pe
nd
ix
.B
.
As
me
nt
io
n—
ed
in
the
met
hod
s s
ect
ion
, l
arg
er
siz
e p
art
icl
es
wer
e s
epa
rat
ed
acc
ord
ing
to
the
st
an
da
rd
si
ev
e
te
ch
ni
qu
e
wh
il
e
se
di
me
nt
at
io
n
cy
li
nd
er
s
we
re
us
ed
fo
r
th
e
fi
ne
r
par
tic
le
siz
e
cla
Ssi
fic
ati
on.
As
can
be
see
n
fro
m A
ppe
ndi
x B
, m
ost
of
the
sam
ple
s
co
ns
is
t
of
pa
rt
ic
le
s
of
re
la
ti
ve
ly
la
rg
e
siz
e.
Th
is
is
in
di
ca
ti
ve
of
th
e
co
ar
se
sand size particles rather than clay size particles.
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DISCUSSION OF RESULTS OF SHORELINE SAMPLE ANALYSIS
Chemical Concentrations Vs. Soil Texture
As d
iscu
ssed
prev
ious
ly,
ther
e ap
pear
s t
o be
diff
eren
ces
in t
he c
once
ntra
tion
s
of
som
e c
hem
ica
ls
bet
wee
n s
ome
of
the
cou
nti
es,
par
tic
ula
rly
bet
wee
n c
oun
tie
s i
n
the
Stat
e of
Mich
igan
comp
ared
to c
ount
ies
from
Wisc
onsi
n, M
inne
sota
, o
r Ne
w Yo
rk.
Sin
ce
the
cou
nti
es
sam
ple
d i
n t
he
Sta
te
of
Mic
hig
an
ten
d
to
hav
e s
and
y s
hor
eli
nes
rel
ati
ve
to
oth
er
Gre
at
Lak
es
sho
rel
ine
s,
dif
fer
enc
es
in
soi
l t
ext
ure
cou
ld
be
a
pos
sib
le
rea
son
for
con
cen
tra
tio
n d
iff
ere
nce
s.
In
ord
er
to
exp
lor
e t
his
obs
erv
a-
tio
n,
it
was
dec
ide
d
to
det
erm
ine
the
soi
l t
ext
ure
for
eac
h s
amp
le,
bas
ed
on
the
results of the particle size analyses.
Soil texture was determined according to the particle size analysis performed
by U.S. EPA and shown in Appendix B . Particle size results were separated into
three categories: greater than 40 u (sand), 5 to 40 u (silt) and less than 5 u
(clay) using the sedimentation cylinder method. This generally conforms with
standard definitions of soil separates, although clay is often classified as
being less than 2 u and silt is classified as being from 2 to 50 u. The classifi—
cation as to sandy soils, loamy soils, or clayey soils was made by first using
the standard graph which shows the relationship between class name of a soil and
its particle size distribution (Brady, 1974) to get the basic soil textural class
name (e.g., clay loam, silty clay, etc.) The soil texture was generalized further
by grouping the soils into three categories — sandy, loamy and clayey- using the
U.S. Department of Agriculture classification system as shown in Table 6.
Appendix B shows particle size distribution and indicates whether the soil
samples were classed as sandy, loamy or clayey.
Tab
le
7 p
res
ent
s a
sum
mar
y o
f t
he
soi
l t
ext
ure
cla
ssi
fic
ati
ons
det
erm
ine
d
from
the
meas
ured
part
icle
size
dist
ribu
tion
. T
he d
istr
ibut
ion
amon
g sa
ndy,
loam
y,
and
cla
yey
soi
ls
is
giv
en
acc
ord
ing
to
cou
nty
and
lak
e b
asi
n.
Tab
le
7 s
how
s t
hat
for
all
the
sam
ple
s o
bta
ine
d,
mos
t w
ere
san
dy
and
rel
ati
vel
y f
ew
wer
e c
las
sif
ied
as
hav
ing
a
cla
yey
tex
tur
e.
Cou
nti
es
alo
ng
Lak
e M
ich
iga
n,
par
tic
ula
rly
wit
hin
the
Sta
te
of
Mic
hig
an,
are
qui
te
San
dy.
Als
o,
cou
nti
es
bor
der
ing
Lak
e H
uro
n a
re
gen
era
lly
san
dy,
wit
h v
ery
few
cla
yey
soi
ls.
Lak
e S
upe
rio
r h
as
the
gre
ate
st
num
ber
of
cla
yey
soi
ls,
ref
lec
tiv
e o
f t
he
red
cla
y b
luf
fs
fou
nd
in
wes
ter
n L
ake
Superior.
It
sho
uld
be
rea
liz
ed
tha
t
the
re
is
a v
ery
wid
e
var
iab
ili
ty
in
ter
ms
of
par
tic
le
siz
e
dis
tri
but
ion
for
eac
h o
f
the
thr
ee
gen
era
l
soi
l
tex
tur
es.
As
see
n
in
Tab
le
6
, t
he
cla
ss
nam
e o
f a
soi
l a
nd
its
par
tic
le
siz
e d
ist
rib
uti
on
is
som
ewh
at
arb
itr
ary
.
Als
o,
as
sho
wn
in
Tab
le
6,
the
re
are
a m
uch
lar
ger
num
ber
of
cla
ss
nam
es
whi
ch
are
sub
div
ide
d u
nde
r t
he
loa
my
soi
ls
cat
ego
ry
tha
n e
ith
er
san
dy
soi
ls
or
cla
yey
soi
ls.
Thu
s,
des
pit
e t
he
gro
upi
ng
of
soi
ls
int
o t
hes
e t
hre
e c
ate
gor
ies
,
the
se
cat
ego
rie
s
are
sti
ll
mix
tur
es
and
may
ten
d
to
go
fro
m o
ne
ext
rem
e
to
ano
the
r.
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TABLE 6.
 
U.
S.
DE
PA
RT
ME
NT
OF
AG
RI
CU
LT
UR
E
CL
AS
SI
FI
CA
TI
ON
SY
ST
EM
FO
R
SO
IL
TEXTURE
Common Names Texture
Sandy soils Coarse
Moderately coarse
Loamy soils Medium
Moderately fine
Basic Soil
T
e
x
t
u
r
a
l
C
l
a
s
s
N
a
m
e
s
 
Sandy
Loamy sands
Sandy loam
Fine sandy loam
Very fine sandy loam
Loam
Silt
Silt
Clay loam
Sandy clay loam
Silty clay loam
loam
Cl
ay
ey
so
il
s
Fi
ne
Sa
nd
y
cl
ay
Silty clay
Clay
3O
For
exa
mpl
e,
a l
oam
y s
oil
can
be
eit
her
ver
y c
lay
ey
or
ver
y s
and
y.
The
cla
ssi
fi-
cat
ion
use
d i
s q
uit
e b
roa
d,
as
a r
esu
lt
a c
ons
ide
rab
le
var
iab
ili
ty
in
the
characteristics of the soil samples would be expected.
Tabl
e
7,
SOIL
TEXT
URE
CLAS
SIFI
CATI
ONS
OF T
HE S
HORE
LINE
SAMP
LES
BASE
D ON
MEAS
URED
PARTICLE SIZE DISTRIBUTION
 
Number of Samples
 
Sup
eri
or
San
dy
Loa
my
Cla
yey
St.
Lou
is
Co.
6
8
9
Chi
ppe
wa
Co.
14
0
0
Dou
gla
s
Co.
0
2
6
Tot
al
20
10
15
Huron
Al
co
na
Co.
9
0
O
Hu
ro
n
Co.
ll
12
0
To
ta
l
20
12
0
Michigan
Ma
ni
st
ee
Co
.
7
7
l
Mu
sk
eg
on
Co
.
19
0
O
Sc
ho
ol
cr
af
t
Co
.
20
0
0
Ra
ci
ne
Co
.
5
8
1
Br
ow
n
Co
.
4
l
2
To
ta
l
55
16
4
Ontario
Os
we
go
Co
.
11
5
0
Gr
ea
t
La
ke
s
To
ta
l
10
6
43
19
Fo
ll
ow
in
g
th
e
gr
ou
pi
ng
of
da
ta
ac
co
rd
in
g
to
so
il
te
xt
ur
e,
ch
em
ic
al
pa
ra
me
te
rs
fo
un
d
in
th
es
e
so
il
gr
ou
ps
we
re
ex
am
in
ed
.
Ta
bl
e
8
pr
es
en
ts
th
e
me
an
co
nc
en
tr
at
io
ns
of
a
nu
mb
er
of
ch
em
ic
al
pa
ra
me
te
rs
ar
ra
ng
ed
by
so
il
te
xt
ur
e
(s
an
dy
,
lo
am
y,
or
cl
ay
ey
so
il
).
As
ca
n
be
se
en
fr
om
th
is
ta
bl
e,
me
an
co
nc
en
tr
at
io
ns
te
nd
to
in
cr
ea
se
fr
om
sa
nd
to
cl
ay
so
il
s
fo
r
a
nu
mb
er
of
pa
ra
me
te
rs
.
Fu
rt
he
r,
th
e
va
ri
an
ce
is
le
ss
fo
r
th
e
gr
ou
pe
d
da
ta
fo
r
mo
st
of
th
e
pa
ra
me
te
rs
co
mp
ar
ed
to
th
e
va
ri
ab
il
it
y
on
e
wo
ul
d
ge
t
fr
om
th
e
un
gr
ou
pe
d
da
ta
.
St
an
da
rd
de
vi
at
io
ns
ar
e
st
il
l
qu
it
e
hi
gh
fo
r
a
nu
mb
er
of
pa
ra
me
te
rs
,
bu
t
th
is
wo
ul
d
st
il
l
be
ex
pe
ct
ed
,
co
ns
id
er
in
g
th
e
va
ri
ab
il
it
y
of
th
e
mi
ne
ra
l
an
d
or
ga
ni
c
co
mp
os
it
io
n
of
th
e
sa
mp
le
s
within the three textural classes.
Th
e
re
su
lt
s
of
a
nu
mb
er
of
sa
mp
le
s
we
re
no
t
us
ed
in
ca
lc
ul
at
in
g
th
e
st
at
is
ti
cs
in
Ta
bl
e
8
.
Br
ow
n
Co
un
ty
,
Wi
sc
on
si
n,
sa
mp
le
s
we
re
no
t
us
ed
du
e
to
th
e
la
ck
of
in
fo
rm
at
io
n
ne
ed
ed
fo
r
th
e
co
mp
ut
at
io
ns
at
th
e
ti
me
th
e
ca
lc
ul
at
io
ns
we
re
ma
de
~a
nd
th
e
la
ck
of
ge
ne
ra
l
de
sc
ri
pt
iv
e
da
ta
co
nc
er
ni
ng
th
e
pr
of
il
es
.
Sa
mp
le
s
12
1-
3—
2,
12
1-
3—
3,
an
d
12
1—
3—
3
fr
om
Mu
sk
eg
on
Co
un
ty
,
Mi
ch
ig
an
Pr
of
il
e
nu
mb
er
2,
we
re
al
so
31
 
  
3
2
RES
ULT
S
OF
SOI
L
ANA
LYS
IS
TAB
LE
8
GRO
UPE
D
ACC
ORD
ING
TO
SOI
L T
EXT
URE
So
il
Te
xt
ur
e
Tot
al
P
I
N
!
S
~x
a
!
Ex
tr
ac
ta
bl
e
To
ta
l
P
S
“X
l
x
l
c
l
Tot
al
Kje
lda
hl
__
Ni
tr
og
en
§
Ex
c
l
Tot
al
_Ma
gne
siu
m
2C.
ﬁx
a
!
Sa
nd
y
Loa
my
Cla
yey
103
109
380
176
386
100
9
0
42
1
6
52
68
109
138
31
6
10
8
91
4
2
14
166
340
91
6
94
6
308
159
9
3
42
16
4,1
34
7,2
18
14
,1
69
13
,1
81
16
,1
88
6,
80
7
93
4O
16
S
o
i
l
Tex
tur
e
Ext
rac
tab
le
Magne
sium
I
N
!
Ex
n
Tot
al
Ir
on
m
I
“
!
G
I
Ext
rac
tab
le
Ir
on
E
s
—-
~x
m
l
Tot
al
Ma
ng
an
es
e
ES
9.x
C
l
 
Sa
nd
y
Lo
am
y
Cl
ay
ey
1,7
48
3,
98
8
2,267
3,6
67
3,
92
5
2,
11
9
9
3
4
3
1
6
5,5
07
17,393
30
,9
38
6,7
77
8,197
10,
407
93
4
2
1
6
81
95
179
232
‘
258
115
9
3
4
1
15
10
8
13
9
42
0
18
0
52
4
14
6
7
4
40
16
So
il
Tex
tur
e
Ext
rac
tab
le
Ma
ng
an
es
e
i
s
'—
—’X
E.
Total
__
Al
um
in
um
X
S
-
—x
c
l
Tot
al
Ca
lc
iu
m
S
_x
I
N
I
:
|
Total
Lead
Sx
I
N
I
c
l
Sa
nd
y
Loamy
Cl
ay
ey
21 33
92
86
98
53
93
42
1,4
63
2,6
75
8,4
87
3,0
62
17
,6
31
6,
94
1
93
41
16
26
,5
96
24,
628
8,
43
2
14
,2
88
26,
456
16,
838
9
2
41
1
6
K5
—
28
41
18
5
4
2
1
6
I
x
m
where
mea
n
val
ue
ug/
g
st
an
da
rd
de
vi
at
io
n
K5
numb
er o
f sa
mple
s
Less
than
5 ug
/g
I'
l
l
v
a
not used due to suspected sample contamination by the U.S. EPA analysts. The
following samples were also omitted in arriving at the statistics for the parameters
in Table 8 : total P (NY—Z-l, 001—5-2, 153—4—2); extractable total P (001-5—2,
R-l-2
, D—
2—l);
speci
fic
gravi
ty (
121—3
—1,
SL-2—
3);
extra
ctabl
e ir
on (
SL—l—
4, S
L—2—5
);
total calcium (SL-2—5) total manganese (033—2—2 through 033-3—7, 033-4-3, O63-4-3,
063-7
-2,
lOl—4
-l,
101—4
—2,
lOl-S
—l,
121-4
—3,
121—7
-2.
153—5
—1,
153‘5
-2,
153-5
—3,
NY—2-3, NY-l—Z). These samples were rejected because the data supplied
by the analysts were illegible, the data was reported as below the detection limit,
or
the
samp
les
had
unus
uall
y h
igh
or l
ow c
once
ntra
tion
s fo
r a
part
icul
ar p
aram
eter
.
Refe
rrin
g ag
ain
to T
able
8 ,
it c
an b
e se
en t
hat
the
mean
conc
entr
atio
n of
tota
l an
d ex
trac
tabl
e to
tal
phos
phor
us i
s hi
gher
for
clay
ey c
ompa
red
to s
andy
soil
s.
For
tota
l ph
osph
orus
and
for
extr
acta
ble
phos
phor
us
the
stan
dard
devi
atio
n of
the
mean
is l
arge
r th
an t
he d
iffe
renc
e be
twee
n sa
ndy
and
loam
y or
loam
y an
d cl
ayey
soils. However, there does seem to be a significant difference between sandy
and
clay
ey s
oils
. T
otal
Kjel
dahl
nitr
ogen
does
not
show
the
same
incr
easi
ng
conc
entr
atio
n as
one
proc
eeds
from
a sa
ndy
soil
to a
clay
ey s
oil.
In f
act,
loam
soi
ls
ten
d t
o b
e m
uch
hig
her
in
tot
al
nit
rog
en
tha
n c
lay
ey
or
san
dy
soi
ls
acc
ord
ing
to
Tab
le
8 .
Sta
nda
rd
dev
iat
ion
s f
or
tot
al
Kje
lda
hl
nit
rog
en
mea
sur
eme
nts
are
quite high, probably because of the diverse soil samples.
The
spe
cif
ic
gra
vit
y o
f t
he
soi
ls,
as
sho
wn
in
Tab
le
8 ,
do
not
var
y s
ign
ifi
-
can
tly
bet
wee
n t
he
thr
ee
soi
l t
ext
ure
s.
Thi
s i
s c
ons
ist
ent
wit
h t
he
fac
t t
hat
the
ave
rag
e a
rab
le
sur
fac
e s
oil
has
a s
pec
ifi
c g
rav
ity
of
abo
ut
2.6
5
(Br
ady
,
197
4).
Soi
ls
ric
h i
n o
rga
nic
mat
ter
are
lik
ely
to
hav
e a
som
ewh
at
low
er
spe
cif
ic
gra
vit
y.
Bot
h t
ota
l a
nd
ext
rac
tab
le
iro
n d
isp
lay
qui
te
dif
fer
ent
mea
n c
onc
ent
rat
ion
s
bet
wee
n s
and
y,
loa
my,
and
cla
yey
soi
ls.
The
sta
nda
rd
dev
iat
ion
s
are
rel
ati
vel
y
hig
h,
but
sti
ll
a
tre
nd
is
cle
ar.
Thi
s
is
und
ers
tan
dab
le
sin
ce
iro
n
oxi
des
ten
d
to
be
ass
oci
ate
d w
ith
cla
y
rat
her
tha
n
san
d
mat
eri
als
.
Tot
al
and
dis
sol
ved
man
gan
ese
con
cen
tra
tio
ns
als
o
ten
d
to
be
hig
her
in
cla
yey
tha
n
in
san
dy
soi
ls.
Ho
we
ve
r,
th
er
e
is
li
tt
le
di
ff
er
en
ce
be
tw
ee
n
lo
am
y
an
d
cl
ay
ey
so
il
s,
al
th
ou
gh
loa
my
soi
ls
ten
d
to
be
hig
her
in
man
gan
ese
tha
n
san
dy
soi
ls.
Man
gan
ese
sho
ws
a
re
la
ti
on
sh
ip
si
mi
la
r
to
iro
n.
Ex
tr
ac
ta
bl
e
ma
ng
an
es
e
is
al
so
hi
gh
er
in
cl
ay
ey
so
il
s
co
mp
ar
ed
to
sa
nd
y
so
il
s,
al
th
ou
gh
lo
am
y
so
il
s
ha
ve
th
e
sa
me
me
an
co
nc
en
tr
at
io
ns
as
clayey soils.
To
ta
l
an
d
ex
tr
ac
ta
bl
e
al
um
in
um
fo
ll
ow
th
e
sa
me
pa
tt
er
n
as
ir
on
an
d
ma
ng
an
es
e.
Th
er
e
is
a
di
st
in
ct
di
ff
er
en
ce
be
tw
ee
n
th
e
me
an
al
um
in
um
co
nc
en
tr
at
io
ns
in
sa
nd
y
an
d
cl
ay
ey
so
il
s
fr
om
th
e
ba
si
c
mi
ne
ra
l
co
mp
os
it
io
n
of
cl
ay
ve
rs
us
sa
nd
(q
ua
rt
z)
.
Ca
lc
iu
m
is
al
so
hi
gh
er
in
sa
mp
le
s
ma
de
of
cl
ay
ey
so
il
s
co
mp
ar
ed
to
sa
nd
y
so
il
s,
al
th
ou
gh
lo
am
y
so
il
sh
av
e
ab
ou
t
th
e
sa
me
me
an
co
nc
en
tr
at
io
n
co
mp
ar
ed
to
cl
ay
ey
soi
ls.
Sta
nda
rd
dev
iat
ion
s
are
qui
te
hig
h
for
tot
al
cal
ciu
m.
Total organic carbon concentrations tend to be highest in loam soils, although
the variability is typically high. It is reasonable that the greatest organic matter
would be found in a loamy rather than in either a predominantly sandy or a pre-
dominantly clayey soil. Also, the method used for total organic carbon may under—
estimate the total organic carbon actually found in soils since the persulfate
diges
tion
metho
d, w
hich
was
used,
may
not
relea
se th
e mor
e re
sista
nt h
umic
mater
ials
(Wilding personal communication, 1975).
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 Di
ff
er
en
ce
s
in
co
nc
en
tr
at
io
ns
be
tw
ee
n
th
e
th
re
e
so
il
te
xt
ur
es
ar
e
no
t
as
ob
vi
ou
s
fo
r
mo
st
of
th
e
he
av
y
me
ta
ls
pr
im
ar
il
y
be
ca
us
e
mo
st
co
nc
en
tr
at
io
ns
we
re
at
or
be
lo
w
de
te
ct
io
n
li
mi
ts
wh
ic
h
pr
ev
en
ts
me
an
in
gf
ul
co
mp
ar
is
on
s.
A
po
ss
ib
le
ex
ce
pt
io
n
is
le
ad
.
To
ta
l
le
ad
do
es
ap
pe
ar
to
be
fo
un
d
in
gr
ea
te
r
am
ou
nt
s
in
cl
ay
ey
re
la
ti
ve
to
sa
nd
y
so
il
s
(T
ab
le
8)
.
Ex
tr
ac
ta
bl
e
zi
nc
wa
s
al
so
ex
am
in
ed
in
de
ta
il
,
Ho
we
ve
r,
me
an
co
nc
en
tr
at
io
ns
of
zi
nc
ar
e
no
t
si
gn
if
ic
an
tl
y
di
ff
er
en
t
in
an
y
of
th
e
th
re
e
so
il
gr
Ou
pi
ng
s.
Mo
st
ot
he
r
he
av
y
me
ta
ls
do
no
t
ha
ve
en
ou
gh
da
ta
ab
ov
e
th
e
de
te
ct
io
n
li
mi
t
to
ev
en
co
ns
id
er
ca
lc
ul
at
in
g
me
an
va
lu
es
fo
r
th
e
three different soil types.
Th
e
ma
in
co
nc
lu
si
on
th
at
ca
n
be
ob
ta
in
ed
fr
om
Ta
bl
e
8
is
th
at
,
at
le
as
t
fo
r
ce
rt
ai
n
pa
ra
me
te
rs
,
on
e
ca
n
ex
pe
ct
hi
gh
er
co
nc
en
tr
at
io
ns
in
cl
ay
so
il
s
th
an
in
sa
nd
y
so
il
s.
Th
us
,
er
os
io
n
of
cl
ay
so
il
s
is
li
ke
ly
to
co
nt
ri
bu
te
mo
re
nu
tr
ie
nt
s
an
d
ot
he
r
co
mp
on
en
ts
to
th
e
la
ke
th
an
er
os
io
n
of
sa
nd
y
so
il
s.
In
or
de
r
to
su
bs
ta
nt
ia
te
th
e
va
li
di
ty
of
th
e
tr
en
ds
ob
se
rv
ed
in
Ta
bl
e
8
,
ch
em
ic
al
an
al
ys
is
pe
rf
or
me
d
in
ot
he
r
st
ud
ie
s
on
va
ri
ou
s
so
il
ty
pe
s
ha
ve
be
en
gr
ou
pe
d
ac
co
rd
in
g
to
so
il
te
xt
ur
e
fo
r
co
mp
ar
is
on
.
Th
e
da
ta
us
ed
fo
r
th
is
co
mp
ar
—
is
on
ar
e
al
l
fr
om
Gr
ea
t
La
ke
s
Ba
si
n
so
il
s
an
d
ar
e
th
us
su
bj
ec
t
to
th
e
ge
ne
ra
l
climate found in the Basin.
Ta
bl
es
9
an
d
lo
sh
ow
me
an
co
nc
en
tr
at
io
ns
of
a
nu
mb
er
of
di
ff
er
en
t
pa
ra
me
te
rs
gr
ou
pe
d
ac
co
rd
in
g
to
so
il
te
xt
ur
e
fr
om
er
od
in
g
st
re
am
ba
nk
so
il
sa
mp
le
s
co
ll
ec
te
d
as
pa
rt
of
a
PL
UA
RG
pr
oj
ec
t
(W
il
di
ng
an
d
Lo
ga
n,
19
76
).
Sa
mp
le
s
we
re
ob
ta
in
ed
fr
om
th
e
Ca
na
se
ra
ga
Wa
te
rs
he
d
in
Ne
w
Yo
rk
,
th
e
Oa
tk
a
Wa
te
rs
he
d
in
Ne
w
Yo
rk
,
th
e
Me
no
mo
ne
e
Wa
te
rs
he
d
in
Wi
sc
on
si
n,
an
d
th
e
Mi
ll
Cr
ee
d
Wa
te
rs
he
d
in
Mi
ch
ig
an
.
TABLE 9. MEAN NUTRIENT CONCENTRATIONS GROUPED ACCORDING TO SOIL TEXTURE FROM
PLUARG STREAMBANK SOIL SAMPLESl
 
Soil
Te
xt
ur
e
n_
Me
an
Co
nc
en
tr
at
io
n,
ugﬁ
;
Total P Avail.P2 N£5:N' IN
sa
nd
y
3
30
8
10
.3
18
.2
42
1
lo
am
y
44
67
9
8.
9
22
.9
24
75
cl
ay
ey
6
89
4
14
.5
58
.5
39
74
san
dy
(C
hor
izo
n
2
304
2.6
23.
8
304
samples only)
lo
am
y
"
9
51
0
3.
4
16
.4
11
24
cla
yey
"
2
107
7
20.
8
104
.9
535
5
1. Raw Data collected by Wilding, 1976
2 Bray l extraction
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 TABLE 10. MEAN TOTAL ELEMENTAL CONCENTRATIONS OF SEVERAL PARAMETERS GROUPED
ACCORDING TO SOIL TEXTURE FROM PLUARG STREAMBANK SOIL SAHPLESl
Soil n Mean Concentration (118/3)
Texture Al 33 Mn Ca
sandy 3 3,496 9,103 258 24,400
loamy 44 11,564 20,190 547 23,806
clayey 5 19,840 31,200 719 11,940
1 Raw data analyzed by U.S. EPA Central Regional Laboratory using same
methods as described for shoreline sample analyses.
These samples were collected in an attempt to determine the quantity and quality
of streambank erosion which utimately contributes suspended material to the Great
Lakes themselves. Further information on collection of samples or sampling
methods may be obtained from PLUARG. It should be mentioned that the soil
textures were determined from measured particle size distribution.
In Table 9 mean nutrient concentrations from the streambank soil samples
are given. Results are shown for the analysis of all samples taken (all horizons)
and also for C horizon samples only. As can be seen a very large number of samples,
mostly in the loamy category, were taken from the A or B horizon. For streambank
erosion the upper horizons are likely to be more important as an input to streams.
The data in Table 9 indicate similar relationships between nutrientsand soil
texture as was found for the shoreline samples. Total phosphorus concentration
increase from sandy to clayey soils just as was found for the shoreline samples.
Available P, determined by the Bray 1 method (discussed in a following section
which is similar but not the same as the 0.05 N HCl extraction) also tends towards
higher values for soils with a larger clay content. Similar results are found for
nitrate N and total nitrogen. Ammonia N was also measured on the streambank
samples, but the trends are not clear and in fact many of the samples had ammonia
concentrations below the detection limit. The highest ammonia concentration is
found in a clayey soil.
Metals were also measured on a selected number of the streambank samples.
Analyses were made by theU.S. EPA Central Regional Laboratory using the same
techniques for total and available metals as was used for the shoreline samples.
TablelO shows the trends for concentrations between sandy, loamy, and clayey soils
for several different parameters. Aluminum, iron and manganese all have higher
concentrations in clayey soils compared to sandy soils, although calcium does not.
There is a lot of variability in the concentrations within a given soil texture,
espec
ially
for c
alciu
m.
Shore
line
sampl
es e
xhibi
t si
milar
varia
bilit
y (s
ee Ta
ble8
).
Unfortunately, the distribution between sandy, loamy and clayey soils is not
even and the mean concentrations for sandy or clayey soils are based on only a
few samples. However, aluminum, iron and manganese concentrations do follow the
same trend as was'found for the shoreline samples and in fact the measured mean
concentrations for the three different textures are about the same for both the
shoreline and streambank studies. Extractable metals were also measured in the
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st
re
am
ba
nk
sa
mp
le
s
bu
t
th
e
tr
en
ds
be
tw
ee
n
th
e
th
re
e
di
ff
er
en
t
so
il
te
xt
ur
es
ar
e
no
t
as
ma
rk
ed
.
Ex
tr
ac
ta
bl
e
al
um
in
um
an
d
ir
on
co
nc
en
tr
at
io
ns
ar
e
hi
gh
er
in
cl
ay
ey
co
mp
ar
ed
to
sa
nd
y
so
il
s,
ho
we
ve
r.
Ma
ny
ot
he
r
me
ta
ls
we
re
me
as
ur
ed
in
th
e
st
re
am
—
ba
nk
st
ud
y
bu
t
co
nc
en
tr
at
io
ns
ar
e
be
lo
w
de
te
ct
io
n
li
mi
ts
.
Me
ta
l
co
nc
en
tr
at
io
ns
me
as
ur
ed
on
th
e
st
re
am
ba
nk
sa
mp
le
s
ar
e
so
me
wh
at
hi
gh
er
th
an
wa
s
fo
un
d
fo
r
th
e
sh
or
el
in
e
sa
mp
le
s
as
a
co
mp
ar
is
on
of
Ta
bl
e
8
an
d
Ta
bl
e
10
wil
l
Sho
w.
The
ava
ila
ble
pho
sph
oru
s
as
mea
sur
ed
by
the
Bra
y
l e
xtr
act
ion
on
the
st
re
am
ba
nk
s
sa
mp
le
s
is
co
ns
id
er
ab
ly
le
ss
th
an
th
e
me
as
ur
ed
ex
tr
ac
ta
bl
e
ph
os
ph
or
us
on
th
e
sh
or
el
in
e
sa
mp
le
s.
Th
is
ma
y
in
di
ca
te
th
at
th
e
ex
tr
ac
ta
bl
e
ph
os
ph
or
us
me
as
ur
ed
fo
r
th
e
sh
or
el
in
e
sa
mp
le
s
is
hi
gh
re
la
ti
ve
to
th
e
am
ou
nt
th
at
mi
gh
t
be
av
ai
la
bl
e
to
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t.
Al
th
ou
gh
ex
tr
ac
ta
bl
e
ni
tr
at
e
is
no
t
sh
ow
n
in
Ta
bl
e
8
, t
he
co
nc
en
tr
at
io
ns
in
th
e
sh
or
el
in
e
sa
mp
le
s
ar
e
ge
ne
ra
ll
y
lo
we
r
tha
n
the
con
cen
tra
tio
ns
rep
ort
ed
for
the
str
eam
ban
k
sam
ple
s
in
Tab
le
9
.
So
me
da
ta
ar
e
av
ai
la
bl
e
on
th
e
nu
tr
ie
nt
co
nt
en
t
of
di
ff
er
en
t
so
il
s
fr
om
th
e
Bl
ac
k
Cr
ee
k
St
ud
y
(S
om
me
rs
et
_a
1,
,
19
75
),
a
st
ud
y
of
a
sm
al
l
cr
ee
k
tr
ib
ut
ar
y
to
th
e
Mau
mee
Riv
er
and
con
seq
uen
tly
Lak
e
Eri
e).
Tab
le
11
sho
ws
som
e
of
the
se
dat
a
for
to
ta
l
ni
tr
og
en
an
d
ph
os
ph
or
us
an
d
ex
tr
ac
ta
bl
e
ph
os
ph
or
us
me
as
ur
ed
by
th
e
Br
ay
1
met
hod
.
The
soi
l
fra
cti
on
for
cla
yey
soi
ls
ten
ds
to
hav
e
hig
her
con
cen
tra
tio
ns
of
nit
rog
en
and
pho
sph
oru
s
tha
n
the
les
s
cla
yey
soi
ls.
Als
o,
res
ult
s
of
ana
lys
is
of
the
ind
ivi
dua
l s
and
,
sil
t,
and
cla
y f
rac
tio
ns
in
Tab
le
11
sho
w t
hat
the
cla
y
fr
ac
ti
on
s
ha
ve
si
gn
if
ic
an
tl
y
hi
gh
er
co
nc
en
tr
at
io
ns
th
an
th
e
sa
nd
or
si
lt
fr
ac
ti
on
s.
Th
e
ph
os
ph
or
us
va
lu
es
an
d
ni
tr
og
en
va
lu
es
re
po
rt
ed
in
Ta
bl
e
11
ar
e
ag
ai
n
so
me
wh
at
hig
her
tha
n
the
con
cen
tra
tio
ns
fou
nd
for
the
sho
rel
ine
sam
ple
s.
How
eve
r,
the
con
cen
tra
tio
ns
are
sim
ila
r
to
tho
se
rep
ort
ed
for
the
str
eam
ban
k
sam
ple
s
(Wi
ldi
ng
and
Log
an,
197
6)
exc
ept
tha
t
ext
rac
tab
le
pho
sph
oru
s
con
cen
tra
tio
ns
are
clo
ser
to
the
con
cen
tra
tio
ns
fou
nd
for
the
sho
rel
ine
sam
ple
s.
TAB
LE
11.
ANA
LYS
IS
OF
SOI
L S
IZE
FRA
CTI
ONS
FRO
M B
LAC
K C
REE
K P
ROJ
ECT
l
(pg
/g)
 
Soi
l
Soi
l
Fra
cti
on
Z
Tot
al
Ext
rac
t2
Tex
tur
e
Typ
e
of
Soi
l
N
P
E
loa
my
Has
kin
s
loa
m
Who
le
Soi
l
100
.0
102
1
364
46
san
d
43.
0
166
168
29
sil
t
44.
5
710
240
36
cla
y
12.
4
440
6
113
5
155
loa
my
Mer
ely
Who
le
Soi
l
100
.0
124
0
366
12.
4
cla
y
loa
m
san
d
23.
5
225
90
10.
5
sil
t
43.
4
835
127
10.
5
cla
y
33.
0
216
5
739
16.
1
loa
my
Nap
pan
ee
Who
le
Soi
l
100
.0
155
7
706
44
cla
y l
oam
san
d
28.
9
182
399
21
sil
t
41.
6
972
335
34
cla
y
29.
5
323
1
110
9
75
cla
yey
Hoy
tvi
lle
Who
le
Soi
l
100
.0
296
9
124
1
117
sil
ty
cla
y
san
d
14.
2
424
704
49
sil
t
42.
1
179
4
756
102
cla
y
43.
7
446
6
136
4
166
1
Data
from
Sommers
3E_a1.
(1975)
2
Bray
I Method
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The higher total phosphorus and total nitrogen concentrations in the Black
Creek Watershed samples and PLUARG streambank samples compared to shoreline samples
may reflect differences in fertilization practices. It is unlikely that the shore-
line along the Great Lakes receives much or any applied fertilizer. There is no
indication that any of the shore profiles sampled were farmed or in fact fertilized
within the recent past.
In a classical study of Michigan soils, Veatch (1953) measured chemical con-
centrations for a number of different soils around the state. The total phosphor-
us concentrations from a variety of parent material soils, when grouped according
to soil texture as done in Table 12, show an increasing concentration from sandy
to c
laye
y so
ils,
agai
n in
dica
ting
high
er p
hosp
horu
s va
lues
in c
laye
y re
lati
ve
to sandy soils.
As part of a study of trace elements in Lake Superior dredge disposal, con-
centrations of certain trace elements were measured in samples of red clay from
the Wisconsin shore of Lake Superior (Helmke et a1., 1976). In addition to total
sediment concentrations, silt plus clay and clay fractions were analyzed for trace
metal concentrations. In most cases the clay fraction tends to have the highest
metal
conce
ntrat
ions
and
it ap
pears
that
most
of th
e met
als
are a
ssoci
ated
with
the
cla
y f
rac
tio
n o
f t
he
sho
rel
ine
sam
ple
s (
Hel
mke
et_
alg
, 1
976)
-
Ele
men
ts
meas
ured
incl
uded
As,
Ba,
Ce,
Co,
Cr,
Cs,
Cu,
Eu,
Fe,
Ga,
Hf,
Hg,
K, L
a, L
u, N
a,
Rb, Sc, Sm, Tb, Th, U, Yb, and Zn.
 
TAB
LE
12.
TOT
AL
PHO
SPH
ORU
S
CON
CEN
TRA
TIO
NS
IN
MIC
HIG
AN
SOI
LS
FRO
M
VEA
TCH
(19
53)
GRO
UPE
D
ACC
ORD
ING
TO
SOI
L
TEX
TUR
E
(PA
REN
T
MAT
ERI
AL
ONL
Y)
Soil Texture n_ Total P
EL
Sandy 3 100
Loamy 6 200
Clayey 6 400
Hel
mke
gt
a1.
(19
76)
con
clu
ded
fro
m t
hei
r
dat
a
tha
t
the
fin
est
gra
in
siz
e
fra
cti
ons
hav
e t
he
hig
hes
t
con
cen
tra
tio
ns
of
eac
h
tra
ce
ele
men
t
fro
m
the
sho
rel
ine
soi
l s
amp
les
tha
t t
hey
ana
lyz
ed.
The
ref
ore
,
the
y f
elt
tha
t s
edi
men
ts
com
pos
ed
mos
tly
of
sil
t
and
cla
y w
ill
gen
era
lly
hav
e
hig
h
con
cen
tra
tio
ns
of
tra
ce
ele
men
ts
whi
le
tho
se
con
tai
nin
g
a
lar
ger
pro
por
tio
n o
f
qua
rtz
(i.
e.,
san
d)
are
mor
e
coa
rse
gra
ine
d
and
hav
e
low
er
con
cen
tra
tio
ns
of
the
tra
ce
met
als
.
Thi
s
is
con
sis
ten
t
wit
h t
he
con
clu
sio
n r
eac
hed
fro
m t
he
sho
rel
ine
dat
a o
bta
ine
d f
or
thi
s a
nd
oth
er
st
ud
ie
s
an
d
se
em
s
to
ap
pl
y
to
so
me
of
th
e
nu
tr
ie
nt
s
as
we
ll
as
th
e
tr
ac
e
el
em
en
ts
studied by Helmke §t_gl, (1976).
A
num
ber
of
res
ear
che
rs
hav
e
fou
nd
tha
t
siz
e
fra
cti
ona
tio
n
of
sam
ple
s
(i.
e.,
sep
ara
tin
g
sam
ple
s
acc
ord
ing
to
soi
l
tex
tur
e)
bef
ore
ana
lys
is
eli
min
ate
s
the
lar
ge
sam
ple
-to
-sa
mpl
e
var
iat
ion
s
tha
t
are
oft
en
obt
ain
ed
whe
n
sed
ime
nt
sam
ple
s
are
com
par
ed
wit
hou
t
pri
or
gro
upi
ng.
(Wi
lli
ams
gt
a1.
,
197
1;
Ban
ner
man
,
gt
al.
,
19
7s
;
Wi
ll
ia
ms
,
25
al
.,
19
76
).
Ob
vi
ou
sl
y,
th
er
e
st
il
l
is
so
me
va
ri
ab
il
it
y
in
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c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
d
i
f
f
e
r
e
n
t
e
l
e
m
e
n
t
s
d
u
e
t
o
a
n
u
m
b
e
r
o
f
d
i
f
f
e
r
e
n
t
n
a
t
u
r
a
l
p
r
o
c
e
s
s
e
s
,
b
u
t
g
r
o
u
p
i
n
g
i
n
t
o
d
i
f
f
e
r
e
n
t
p
a
r
t
i
c
l
e
s
i
z
e
f
r
a
c
t
i
o
n
s
i
s
h
e
l
p
f
u
l
i
n
r
e
m
o
v
i
n
g
a
t
l
e
a
s
t
s
o
m
e
o
f
t
h
e
v
a
r
i
a
b
i
l
i
t
y
(
H
e
l
m
k
e
S
E
E
l
.
,
1
9
7
6
)
.
I
f
a
n
a
l
y
s
i
s
h
a
d
b
e
e
n
m
a
d
e
o
n
s
p
e
c
i
f
i
c
f
r
a
c
t
i
o
n
s
o
f
t
h
e
s
h
o
r
e
l
i
n
e
s
a
m
p
l
e
s
(
e
.
g
.
,
a
n
a
l
y
s
i
s
o
f
t
h
e
c
l
a
y
f
r
a
c
t
i
o
n
a
n
d
t
h
e
s
i
l
t
f
r
a
c
t
i
o
n
)
i
t
i
s
l
i
k
e
l
y
t
h
a
t
t
h
e
v
a
r
i
a
b
i
l
i
t
y
i
n
t
h
e
r
e
s
u
l
t
s
w
o
u
l
d
h
a
v
e
b
e
e
n
r
e
d
u
c
e
d
e
v
e
n
l
e
s
s
.
B
e
c
a
u
s
e
t
h
e
p
r
o
p
o
r
t
i
o
n
o
f
s
a
n
d
,
s
i
l
t
a
n
d
c
l
a
y
i
s
s
t
i
l
l
v
a
r
i
a
b
l
e
w
i
t
h
i
n
t
h
e
t
h
r
e
e
m
a
j
o
r
s
o
i
l
t
e
x
t
u
r
e
g
r
o
u
p
i
n
g
s
u
s
e
d
f
o
r
t
h
e
s
h
o
r
e
-
l
i
n
e
s
a
m
p
l
e
s
,
t
h
e
r
e
i
s
s
t
i
l
l
s
i
g
n
i
f
i
c
a
n
t
v
a
r
i
a
b
i
l
i
t
y
i
n
t
h
e
r
e
s
u
l
t
s
.
I
t
s
e
e
m
s
l
i
k
e
l
y
,
b
a
s
e
d
o
n
t
h
e
s
o
i
l
s
l
i
t
e
r
a
t
u
r
e
a
s
w
e
l
l
a
s
t
h
e
r
e
s
u
l
t
s
t
h
a
t
a
r
e
p
r
e
s
e
n
t
e
d
h
e
r
e
,
t
h
a
t
i
f
t
h
e
c
l
a
y
f
r
a
c
t
i
o
n
h
a
d
b
e
e
n
m
e
a
s
u
r
e
d
s
e
p
a
r
a
t
e
l
y
,
t
h
e
h
i
g
h
e
s
t
c
o
n
c
e
n
—
t
r
a
t
i
o
n
s
o
f
m
a
n
y
e
l
e
m
e
n
t
s
w
o
u
l
d
h
a
v
e
b
e
e
n
c
o
n
c
e
n
t
r
a
t
e
d
w
i
t
h
i
n
t
h
a
t
s
i
z
e
f
r
a
c
t
i
o
n
.
T
h
e
r
e
a
s
o
n
t
h
a
t
t
h
e
c
l
a
y
e
y
s
o
i
l
s
t
e
n
d
t
o
h
a
v
e
h
i
g
h
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
c
o
n
—
t
a
m
i
n
a
n
t
s
t
h
a
n
s
a
n
d
y
s
o
i
l
s
i
s
r
e
l
a
t
e
d
t
o
t
h
e
c
h
e
m
i
s
t
r
y
o
f
t
h
e
m
i
n
e
r
a
l
s
,
p
a
r
t
i
c
u
—
l
a
r
l
y
t
h
e
s
u
r
f
a
c
e
c
h
e
m
i
s
t
r
y
.
H
e
l
m
k
e
g
t
_
g
l
.
(
1
9
7
6
)
J
e
n
n
e
(
1
9
6
8
)
,
L
e
e
(
1
9
7
0
)
a
n
d
S
t
u
m
m
a
n
d
M
o
r
g
a
n
(
1
9
7
0
)
h
a
v
e
a
l
l
r
e
v
i
e
w
e
d
t
h
e
r
o
l
e
o
f
t
h
e
h
y
d
r
o
u
s
o
x
i
d
e
s
(
o
x
i
d
e
s
o
f
i
r
o
n
,
m
a
n
g
a
n
e
s
e
,
a
n
d
a
l
u
m
i
n
u
m
)
w
h
i
c
h
o
f
t
e
n
c
o
a
t
o
r
a
r
e
a
s
s
o
c
i
a
t
e
d
w
i
t
h
c
l
a
y
m
i
n
e
r
a
l
s
i
n
t
h
e
s
o
r
p
t
i
o
n
(
o
r
d
e
s
o
r
p
t
i
o
n
)
o
f
h
e
a
v
y
m
e
t
a
l
s
,
p
h
o
s
p
h
o
r
u
s
a
n
d
o
t
h
e
r
s
u
b
s
t
a
n
c
e
s
.
H
y
d
r
o
u
s
o
x
i
d
e
s
a
n
d
o
r
g
a
n
i
c
m
a
t
t
e
r
t
e
n
d
t
o
s
o
r
b
i
o
n
s
b
y
i
o
n
e
x
c
h
a
n
g
e
m
e
c
h
a
n
i
s
m
s
.
T
h
i
s
m
e
c
h
a
n
i
s
m
s
e
e
m
s
t
o
b
e
m
u
c
h
m
o
r
e
i
m
p
o
r
t
a
n
t
t
h
a
n
t
h
e
i
n
c
o
r
p
o
r
a
t
i
o
n
o
f
t
r
a
c
e
m
e
t
a
l
s
a
n
d
o
t
h
e
r
e
l
e
m
e
n
t
s
i
n
t
h
e
l
a
y
e
r
e
d
c
l
a
y
s
t
r
u
c
t
u
r
e
.
S
a
n
d
(
m
o
s
t
l
y
q
u
a
r
t
z
)
i
s
e
v
e
n
l
e
s
s
l
i
k
e
l
y
t
o
h
a
v
e
t
r
a
c
e
m
e
t
a
l
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
i
t
s
c
r
y
s
t
a
l
l
i
n
e
s
t
r
u
c
t
u
r
e
t
h
a
n
c
l
a
y
.
F
u
r
t
h
e
r
,
h
y
d
r
o
u
s
o
x
i
d
e
s
a
n
d
o
r
g
a
n
i
c
m
a
t
e
r
i
a
l
d
o
e
s
n
o
t
t
e
n
d
to
c
o
a
t
o
r
a
s
s
o
c
i
a
t
e
w
i
t
h
q
u
a
r
t
z
m
i
n
e
r
a
l
s
.
T
h
e
f
i
n
e
r
g
r
a
i
n
s
i
z
e
f
r
a
c
t
i
o
n
s
i
n
s
o
i
l
s
,
t
h
e
n
,
t
e
n
d
t
o
h
a
v
e
t
h
e
h
i
g
h
e
s
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
c
o
n
t
a
m
i
n
a
n
t
s
.
T
h
e
h
y
d
r
o
u
s
o
x
i
d
e
s
(
i
r
o
n
,
m
a
n
g
a
n
e
s
e
a
n
d
a
l
u
m
i
n
u
m
o
x
i
d
e
s
)
a
n
d
t
h
e
o
r
g
a
n
i
c
m
a
t
t
e
r
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
c
l
a
y
m
i
n
e
r
a
l
s
o
f
t
h
e
s
o
i
l
a
r
e
p
r
o
b
a
b
l
y
m
o
s
t
r
e
s
p
o
n
s
i
b
l
e
f
o
r
t
h
e
h
i
g
h
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
r
a
t
h
e
r
t
h
a
n
t
h
e
c
l
a
y
m
i
n
e
r
a
l
s
t
h
e
m
s
e
l
v
e
s
.
C
o
n
s
e
q
u
e
n
t
l
y
,
t
h
e
s
a
n
d
y
s
o
i
l
s
a
l
o
n
g
t
h
e
e
a
s
t
e
r
n
s
h
o
r
e
o
f
L
a
k
e
M
i
c
h
i
g
a
n
s
h
o
u
l
d
c
o
n
t
a
i
n
l
e
s
s
t
r
a
c
e
m
e
t
a
l
s
a
n
d
o
t
h
e
r
c
h
e
m
i
c
a
l
s
(
i
.
e
.
p
h
o
s
p
h
o
r
u
s
)
w
h
i
c
h
t
e
n
d
to
a
s
s
o
c
i
a
t
e
w
i
t
h
h
y
d
r
o
u
s
o
x
i
d
e
s
a
n
d
o
r
g
a
n
i
c
m
a
t
e
r
i
a
l
,
c
o
m
p
a
r
e
d
to
s
o
i
l
s
w
i
t
h
h
i
g
h
e
r
c
l
a
y
c
o
n
t
e
n
t
s
,
s
u
c
h
as
t
h
o
s
e
a
l
o
n
g
t
h
e
w
e
s
t
e
r
n
s
h
o
r
e
of
L
a
k
e
S
u
p
e
r
i
o
r
.
In
n
o
n
c
l
a
y
e
y
s
o
i
l
s
w
h
e
r
e
h
y
d
r
o
u
s
o
x
i
d
e
s
a
r
e
p
r
e
s
e
n
t
d
u
e
to
t
h
e
g
e
o
l
o
g
y
of
a
r
e
a
(f
or
e
x
a
m
p
l
e
,
i
r
o
n
d
e
p
o
s
i
t
s
)
,
h
i
g
h
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
c
o
n
t
a
m
i
n
a
n
t
s
m
i
g
h
t
b
e
f
o
u
n
d
.
S
t
u
d
i
e
s
b
y
P
l
u
m
b
a
n
d
L
e
e
(
1
9
7
5
)
h
a
v
e
s
h
o
w
n
t
h
e
i
m
p
o
r
t
a
n
c
e
o
f
i
r
o
n
o
x
i
d
e
s
w
h
i
c
h
te
nd
to
be
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
a
c
o
n
i
t
e
t
a
i
l
i
n
g
s
d
e
r
i
ve
d
f
r
o
m
ir
on
o
r
e
m
i
n
i
n
g
i
n
n
o
r
t
h
e
r
n
M
i
n
n
e
s
o
t
a
a
n
d
w
h
i
c
h
h
a
v
e
b
e
e
n
d
i
s
p
o
s
e
d
o
f
i
n
L
a
k
e
S
u
p
e
r
i
o
r
.
I
n
t
e
r
-
e
s
t
i
n
g
l
y
,
P
l
u
m
b
a
n
d
L
e
e
(
1
9
7
5
)
f
o
u
n
d
t
h
a
t
t
h
e
s
e
t
a
i
l
i
n
g
s
t
e
n
d
to
S
h
o
w
s
i
g
n
i
f
i
c
a
n
t
s
o
r
p
t
i
o
n
c
a
p
a
c
i
t
y
f
o
r
m
e
t
a
l
s
s
u
c
h
as
c
o
p
p
e
r
,
zi
n
c
a
n
d
c
a
d
m
i
u
m
a
n
d
f
o
r
p
h
o
s
p
h
a
t
e
s
wh
en
ad
de
d
to
La
ke
Su
pe
ri
or
wa
te
rs
as
a
re
su
lt
of
so
rp
ti
on
by
co
at
in
gs
of
hy
dr
ou
s
m
e
t
a
l
o
xi
d
e
s
on
th
e
s
ur
f
a
c
e
of
th
e
t
a
c
o
n
i
t
e
m
i
n
e
r
a
l
fr
ag
me
nt
S.
It
is
i
m
p
o
r
t
a
n
t
to
n
o
t
e
t
h
a
t
c
o
n
t
a
m
i
n
a
n
t
s
s
o
r
b
e
d
o
n
t
o
h
y
d
r
o
u
s
o
x
i
d
e
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
c
l
a
y
m
i
n
e
r
a
l
s
m
a
y
n
o
t
b
e
t
i
g
h
t
l
y
bo
un
d.
Th
us
,
n
o
t
o
n
l
y
m
a
y
cl
ay
so
il
s
h
a
v
e
h
i
g
h
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
s
o
m
e
c
h
e
m
i
c
a
l
s
,
bu
t
th
e
c
h
e
m
i
c
a
l
c
o
n
t
a
m
i
n
a
n
t
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
c
l
a
ye
y
so
il
s
ar
e
l
i
k
e
l
y
to
b
e
m
o
r
e
r
e
a
d
i
l
y
a
va
i
l
a
b
l
e
t
h
a
n
c
h
e
m
i
c
a
l
s
in
o
t
h
e
r
so
il
S.
T
h
e
q
u
e
s
t
i
o
n
of
bi
ol
og
ic
al
av
ai
la
bi
li
ty
wi
ll
be
di
sc
us
se
d
fu
rt
he
r
in
th
e
ne
xt
se
ct
io
n.
P
o
t
e
n
t
i
a
l
B
i
o
l
o
g
i
c
a
l
A
v
a
i
l
a
b
i
l
i
t
y
B
e
c
a
u
s
e
o
n
e
of
t
h
e
o
b
j
e
c
t
i
v
e
s
of
t
h
i
s
s
t
u
d
y
w
a
s
to
i
n
v
e
s
t
i
g
a
t
e
w
h
e
t
h
e
r
e
r
o
d
e
d
38
_ 
extraction performed in this study.
Sodium hydroxide extractable inorganic phosphate has been shown by Sagher et a1.
(1975) to provide an estimate of the fraction of lake sediment phosphorus that __-_~
can be readily taken up by algae. Sagher gt al. (1975) have found that the sodium
hydroxide extractable fraction is a measure of the maximum amount of phosphorus
available to algae over a several week period when the algae are exposed to lake
sediments from the photic zone of phosphorus limited lake waters. Extraction of
phosphorus using an anion exchange resin appears to simulate uptake of phosphorus
by algae at low inorganic phosphorus concentrations (approximately 1 ugP/l,
Thus, equilibration of sediment for a short time with an anion exchange
resin is used to estimate the fraction of phosphorus available to algae on a short—
term basis. Hence, it gives a measure of the readily or immediately available
phosp
horus
in th
e sed
iment
. O
xalat
e ex
tract
ions
have
been
used
(Shuk
la E£
_al.,
1971)
to ex
tract
metal
s as
socia
ted w
ith
hydro
us o
xides
such
as ir
on an
d al
uminu
m oxi
des.
Citrate dithionite bicarbonate is a chelating resin and the extraction procedure
is si
milar
to th
at us
ing
an an
ion
excha
nge r
esin.
This
appro
ach h
as b
een
used
to
simul
ate
the
relea
se of
metal
s to
lake
water
where
the s
oluti
on c
oncen
trati
on of
metal
s is
low,
such
as wo
uld
be ex
pecte
d in
the G
reat
Lakes
(Jenn
e g£_
al.,
1974)
.
Bann
erma
n e£
_al.
(197
4) m
easu
red
the
amou
nt o
f di
lute
(1N)
HCl
extr
acta
ble
phos
phor
us i
n La
ke O
ntar
io
sedi
ment
s as
part
of a
seri
es o
f se
quen
tial
extr
ac—
tion
s.
They
foun
d th
at l
arge
amou
nts
of i
norg
anic
phos
phor
us
(up
to 9
0%)
were
fou
nd
in
the
dil
ute
HCl
ext
rac
t f
rom
the
gla
cio
lac
ust
ine
cla
y s
amp
les
.
The
y
con
clu
ded
how
eve
r t
hat
the
dil
ute
HCl
ext
rac
tab
le
fra
cti
on
con
tai
ned
mai
nly
apa
tit
e-P
, b
ase
d o
n t
he
wor
ks
of
Wil
lia
ms
and
May
er
(197
2)
and
Sey
ers
et
a1,
(197
3).
Thi
s f
rac
tio
n o
f p
hos
pho
rus
was
fou
nd
to
be
imm
obi
le,
bas
ed
on
est
ima
tes
of
upt
ake
of
ino
rga
nic
P i
n t
his
fra
cti
on
of
sed
ime
nt
by
alg
ae
(Sa
ghe
r,
1974
).
This
wou
ld
ind
ica
te
tha
t t
he
ext
rac
tab
le
pho
sph
oru
s u
sin
g d
ilu
te
HCl
is
pro
bab
ly
a h
igh
est
ima
te
of
the
amo
unt
of
rea
dil
y a
vai
lab
le
pho
sph
oru
s.
It
is
imp
ort
ant
to
rea
liz
e t
hat
sig
nif
ica
nt
dif
fer
enc
es
can
occ
ur
in
the
amo
unt
of
pho
sph
oru
s
ext
rac
ted
(Ba
nne
rma
n e
t_a
l.,
1974
) u
sin
g 1
N H
Cl
and
the
amo
unt
ext
rac
ted
fro
m
0.05N HCl.
Wil
lia
ms
et
al.
(19
76)
hav
e
als
o
rec
ent
ly
rep
ort
ed
on
the
for
ms
of
pho
sph
oru
s
in La
ke Er
ie g
EEiEE
hts.
They
have
provi
ded e
stima
tes
of ap
atite
P, no
n-apa
tite
ino
rga
nic
P,
and
org
ani
c P
.
The
se
thr
ee
for
ms
wer
e o
per
ati
ona
lly
def
ine
d,
bas
ed
on
an
ext
rac
tio
n p
roc
edu
re
inv
olv
ing
seq
uen
tia
l e
xtr
act
ion
s.
The
sum
of
the
ap
at
it
e-
P,
th
e
no
n—
ap
at
it
e
in
or
ga
ni
c
P
an
d
th
e
or
ga
ni
c
P w
as
fo
un
d
to
be
ess
ent
ial
ly
the
sam
e
(us
ual
ly
sli
ght
ly
les
s)
as
the
tru
e t
ota
l p
hos
pho
rus
fra
cti
on.
Thi
s
fra
cti
on
was
pre
sen
t
mai
nly
in
the
fin
e
gra
ine
d
sed
ime
nts
and
was
fou
nd
to
be
rel
ate
d
to
the
rea
cti
ve
iro
n c
ont
ent
of
the
sed
ime
nts
.
The
apa
tit
e P
was
the
fra
cti
on
ext
rac
ted
wit
h
dil
ute
HCl
fol
low
ing
the
seq
uen
tia
l
ext
rac
tio
ns
of
non
—ap
ati
te
P a
nd
org
ani
c P
in
a m
ann
er
sim
ila
r t
o t
hat
use
d b
y B
ann
erm
an
et_
§l.
(1
97
4)
.
Ap
at
it
e
P
wa
s
th
ou
gh
t
to
be
un
av
ai
la
bl
e
to
al
ga
e.
1
d
u
e
t
o
d
i
f
f
e
r
e
n
t
s
e
q
u
e
n
c
e
s
i
n
e
x
t
r
a
c
t
i
o
n
s
a
n
d
d
i
f
f
e
r
e
n
t
H
C
l
Un
fo
rt
un
at
el
y,
or
el
in
e
sa
mp
le
c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
t
h
e
0
.
0
5
N
H
C
l
e
x
t
r
a
c
t
a
b
l
e
p
h
o
s
p
h
o
r
u
s
u
s
e
d
i
n
t
h
e
s
h
an
al
ys
es
fo
r
th
is
pr
oj
ec
t
is
no
t
di
re
ct
ly
co
mp
ar
ab
le
to
th
e
ap
at
it
e
P
fr
ac
ti
on
de
fi
ne
d
in
Wi
ll
ia
ms
et
a1
.
(1
97
6)
or
Ba
nn
er
ma
n_
e£
‘a
l.
(1
97
4)
.
It
is
li
ke
ly
th
at
th
e
0
.
0
5
N
H
C
l
e
xt
r
a
c
t
i
o
n
us
ed
in
th
is
st
ud
y
is
le
ss
th
an
th
e
s
um
of
th
e
a
p
a
t
i
t
e
-
P
a
n
d
t
h
e
n
o
n
-
a
p
a
t
i
t
e
i
n
o
r
g
a
n
i
c
-
P
b
u
t
p
r
o
b
a
b
l
y
g
r
e
a
t
e
r
t
h
a
n
t
h
e
n
o
n
—
41
 
 a
p
a
t
i
t
e
i
n
o
r
g
a
n
i
c
P
d
e
t
e
r
m
i
n
e
d
i
n
W
i
l
l
i
a
m
s
g
t
_
a
l
,
(
1
9
7
6
)
.
T
h
u
s
,
b
a
s
e
d
o
n
t
h
e
c
u
r
r
e
n
t
s
t
a
t
e
o
f
t
h
e
a
r
t
,
t
h
e
0
.
0
5
N
H
C
l
e
x
t
r
a
c
t
i
o
n
p
e
r
f
o
r
m
e
d
b
y
t
h
e
U
.
S
.
E
P
A
C
e
n
t
r
a
l
R
e
g
i
o
n
a
l
L
a
b
o
r
a
t
o
r
y
p
r
o
b
a
b
l
y
o
v
e
r
e
s
t
i
m
a
t
e
s
o
r
p
r
o
v
i
d
e
s
a
n
u
p
p
e
r
l
i
m
i
t
t
o
t
h
e
p
h
o
s
p
h
o
r
u
s
p
o
t
e
n
t
i
a
l
l
y
a
v
a
i
l
a
b
l
e
t
o
a
q
u
a
t
i
c
o
r
g
a
n
i
s
m
s
.
I
n
t
h
e
p
r
e
v
i
o
u
s
s
e
c
t
i
o
n
s
e
v
e
r
a
l
a
v
a
i
l
a
b
l
e
p
h
o
s
p
h
o
r
u
s
d
a
t
a
w
e
r
e
r
e
p
o
r
t
e
d
w
h
i
c
h
w
e
r
e
d
e
t
e
r
m
i
n
e
d
u
s
i
n
g
t
h
e
B
r
a
y
l
e
x
t
r
a
c
t
i
o
n
m
e
t
h
o
d
.
T
h
i
s
m
e
t
h
o
d
i
s
c
o
m
m
o
n
l
y
u
s
e
d
i
n
t
h
e
s
o
i
l
s
f
i
e
l
d
a
n
d
c
o
n
s
i
s
t
s
o
f
e
x
t
r
a
c
t
i
o
n
w
i
t
h
1
N
N
H
A
F
i
n
0
.
0
3
N
H
C
l
(
J
a
c
k
s
o
n
,
1
9
7
3
)
.
T
h
e
g
r
e
a
t
e
r
s
t
r
e
n
g
t
h
a
c
i
d
u
s
e
d
b
y
t
h
e
U
.
S
.
E
P
A
C
e
n
t
r
a
l
R
e
g
i
o
n
a
l
L
a
b
o
r
a
t
o
r
y
w
i
l
l
p
r
o
b
a
b
l
y
l
i
b
e
r
a
t
e
s
o
m
e
w
h
a
t
m
o
r
e
p
h
o
s
p
h
o
r
u
s
f
r
o
m
s
o
i
l
h
y
d
r
o
u
s
o
x
i
d
e
s
t
h
a
n
a
r
e
n
o
r
m
a
l
l
y
r
e
l
e
a
s
e
d
u
s
i
n
g
t
h
e
B
r
a
y
l
e
x
t
r
a
c
t
i
o
n
.
A
s
r
e
p
o
r
t
e
d
p
r
e
v
i
o
u
s
l
y
t
h
e
e
x
t
r
a
c
t
a
b
l
e
o
r
t
h
o
p
h
o
s
p
h
o
r
u
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
a
l
m
o
s
t
a
l
w
a
y
s
v
e
r
y
s
i
m
i
l
a
r
t
o
t
h
e
e
x
t
r
a
c
t
a
b
l
e
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
t
h
e
s
h
o
r
e
l
i
n
e
s
a
m
p
l
e
s
.
T
h
i
s
w
o
u
l
d
i
n
d
i
c
a
t
e
t
h
a
t
m
o
s
t
o
f
t
h
e
p
h
o
s
p
h
o
r
u
s
i
n
t
h
e
d
i
l
u
t
e
a
c
i
d
e
x
t
r
a
c
t
a
n
t
w
a
s
o
r
t
h
o
p
h
o
s
p
h
a
t
e
.
A
n
o
t
h
e
r
t
e
c
h
n
i
q
u
e
u
t
i
l
i
z
e
d
b
y
s
o
m
e
t
o
m
e
a
s
u
r
e
a
v
a
i
l
a
b
i
l
i
t
y
o
f
n
u
t
r
i
e
n
t
s
a
n
d
o
t
h
e
r
m
a
t
e
r
i
a
l
s
t
o
b
i
o
t
a
i
n
t
h
e
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
i
s
t
h
e
b
i
o
a
s
s
a
y
t
e
c
h
n
i
q
u
e
.
T
h
i
s
t
e
c
h
n
i
q
u
e
b
a
s
i
c
a
l
l
y
i
n
v
o
l
v
e
s
e
x
p
o
s
i
n
g
a
n
o
r
g
a
n
i
s
m
o
r
g
r
o
u
p
o
f
o
r
g
a
n
i
s
m
s
t
o
a
p
a
r
t
i
c
u
l
a
r
f
o
r
m
o
f
c
o
n
t
a
m
i
n
a
n
t
a
n
d
d
e
t
e
r
m
i
n
g
t
h
e
r
e
s
p
o
n
s
e
o
f
t
h
e
o
r
g
a
n
i
s
m
.
T
h
e
r
e
h
a
s
b
e
e
n
a
c
o
n
s
i
d
e
r
a
b
l
e
a
m
o
u
n
t
o
f
r
e
s
e
a
r
c
h
i
n
t
h
i
s
a
r
e
a
i
n
t
h
e
p
a
s
t
,
i
n
c
l
u
d
i
n
g
t
h
e
p
r
o
v
i
s
i
o
n
a
l
a
l
g
a
l
a
s
s
a
y
p
r
o
c
e
d
u
r
e
s
(
E
P
A
,
1
9
7
1
)
.
H
o
w
e
v
e
r
,
b
i
o
a
s
s
a
y
t
e
s
t
s
a
r
e
o
f
t
e
n
v
e
r
y
d
e
p
e
n
d
e
n
t
u
p
o
n
t
h
e
e
x
p
e
r
i
m
e
n
t
a
l
c
o
n
d
i
t
i
o
n
s
u
s
e
d
a
n
d
o
f
t
e
n
d
o
n
o
t
a
c
t
u
a
l
l
y
r
e
f
l
e
c
t
t
r
u
e
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
d
i
t
i
o
n
s
.
T
h
e
y
a
r
e
a
l
s
o
m
u
c
h
m
o
r
e
d
i
f
f
i
c
u
l
t
a
n
d
t
i
m
e
—
c
o
n
s
u
m
i
n
g
t
o
p
e
r
f
o
r
m
r
e
l
a
t
i
v
e
t
o
c
h
e
m
i
c
a
l
e
x
t
r
a
c
t
i
o
n
m
e
t
h
o
d
s
.
I
d
e
a
l
l
y
,
a
c
o
m
b
i
n
a
t
i
o
n
o
f
c
h
e
m
i
c
a
l
e
x
t
r
a
c
t
i
o
n
a
n
d
b
i
o
a
s
s
a
y
t
e
c
h
n
i
q
u
e
s
s
h
o
u
l
d
b
e
u
t
i
l
i
z
e
d
.
C
u
r
r
e
n
t
l
y
,
t
h
e
r
e
i
s
r
e
s
e
a
r
c
h
b
e
i
n
g
c
a
r
r
i
e
d
o
u
t
t
o
r
e
l
a
t
e
c
h
e
m
i
c
a
l
e
x
t
r
a
c
t
i
o
n
t
e
c
h
n
i
q
u
e
s
t
o
b
i
o
a
s
s
a
y
t
e
c
h
n
i
q
u
e
s
(
C
o
w
e
n
,
1
9
7
4
;
S
a
g
h
e
r
e
t
2
1
.
,
1
9
7
5
;
S
c
h
r
o
e
d
e
r
,
1
9
7
6
)
.
I
n
s
u
m
m
a
r
y
,
e
x
t
r
a
c
t
i
o
n
m
e
t
h
o
d
s
,
d
e
s
p
i
t
e
t
h
e
i
r
i
n
h
e
r
e
n
t
p
r
o
b
l
e
m
s
a
r
e
r
e
l
a
t
i
v
e
l
y
e
a
s
y
t
o
p
e
r
f
o
r
m
a
n
d
p
r
o
b
a
b
l
y
g
i
v
e
a
t
l
e
a
s
t
a
q
u
a
l
i
t
a
t
i
v
e
p
i
c
t
u
r
e
o
f
t
h
e
a
v
a
i
l
a
—
b
i
l
i
t
y
q
u
e
s
t
i
o
n
.
P
e
r
h
a
p
s
t
h
e
g
r
e
a
t
e
s
t
v
a
l
u
e
o
f
t
h
e
m
i
l
d
a
c
i
d
e
x
t
r
a
c
t
i
o
n
i
s
t
h
a
t
t
h
e
l
a
c
k
o
f
e
x
t
r
a
c
t
a
b
l
e
p
h
o
s
p
h
o
r
u
s
o
r
o
t
h
e
r
s
u
b
s
t
a
n
c
e
s
g
e
n
e
r
a
l
l
y
i
s
a
g
o
o
d
i
n
d
i
—
c
a
t
i
o
n
t
h
a
t
f
e
w
c
o
n
t
a
m
i
n
a
n
t
s
w
o
u
l
d
b
e
r
e
l
e
a
s
e
d
f
r
o
m
t
h
e
s
o
i
l
s
t
o
t
h
e
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
.
C
u
r
r
e
n
t
l
y
,
t
h
e
r
e
i
s
m
u
c
h
r
e
s
e
a
r
c
h
b
e
i
n
g
c
o
n
d
u
c
t
e
d
i
n
t
h
i
s
f
i
e
l
d
.
T
h
e
q
u
e
s
t
i
o
n
o
f
b
i
o
l
o
g
i
c
a
l
a
v
a
i
l
a
b
i
l
i
t
y
o
f
c
o
n
t
a
m
i
n
a
n
t
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
p
a
r
t
i
c
u
-
l
a
t
e
m
a
t
e
r
i
a
l
c
o
n
t
i
n
u
e
s
t
o
b
e
o
n
e
o
f
t
h
e
k
e
y
p
r
o
b
l
e
m
s
f
a
c
i
n
g
t
h
e
P
o
l
l
u
t
i
o
n
f
r
o
m
L
a
n
d
U
s
e
A
c
t
i
v
i
t
i
e
s
R
e
f
e
r
e
n
c
e
G
r
o
u
p
a
n
d
n
o
n
—
p
o
i
n
t
s
o
u
r
c
e
r
e
s
e
a
r
c
h
e
r
s
i
n
g
e
n
e
r
a
l
.
C
h
e
m
i
c
a
l
C
o
n
c
e
n
t
r
a
t
i
o
n
v
e
r
s
u
s
S
o
i
l
H
o
r
i
z
o
n
B
e
c
a
u
s
e
s
a
m
p
l
e
s
w
e
r
e
t
a
k
e
n
f
r
o
m
d
i
f
f
e
r
e
n
t
s
o
i
l
h
o
r
i
z
o
n
s
w
i
t
h
i
n
a
g
i
v
e
n
p
r
o
f
i
l
e
(
w
h
e
r
e
s
u
c
h
h
o
r
i
z
o
n
s
e
x
i
s
t
e
d
)
,
i
t
w
a
s
t
h
o
u
g
h
t
t
h
a
t
t
h
e
r
e
m
a
y
b
e
a
r
e
l
a
t
i
o
n
b
e
t
w
e
e
n
c
h
e
m
i
c
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
a
n
d
s
o
i
l
h
o
r
i
z
o
n
.
F
o
r
e
x
a
m
p
l
e
,
o
n
e
m
i
g
h
t
s
u
s
p
e
c
t
t
o
f
i
n
d
d
i
f
f
e
r
e
n
c
e
s
i
n
t
h
e
c
h
e
m
i
c
a
l
c
o
n
t
e
n
t
o
f
c
e
r
t
a
i
n
s
u
b
s
t
a
n
c
e
s
(
e
.
g
.
,
p
h
o
s
p
h
o
r
u
s
)
b
e
t
w
e
e
n
t
h
e
A
h
o
r
i
z
o
n
a
n
d
t
h
e
C
h
o
r
i
z
o
n
.
H
o
w
e
v
e
r
,
n
o
s
p
e
c
i
f
i
c
c
o
r
r
e
l
a
t
i
o
n
b
e
t
w
e
e
n
c
h
e
m
i
c
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
n
d
t
h
e
d
i
f
f
e
r
e
n
t
s
o
i
l
h
o
r
i
z
o
n
s
w
a
s
o
b
v
i
o
u
s
.
T
a
b
l
e
1
4
g
i
v
e
s
m
e
a
n
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
g
r
o
u
p
e
d
a
c
c
o
r
d
i
n
g
t
o
t
h
e
A
,
B
,
a
n
d
C
h
o
r
i
z
o
n
f
o
r
s
a
n
d
y
s
o
i
l
s
,
l
o
a
m
y
s
o
i
l
s
,
a
n
d
c
l
a
y
e
y
s
o
i
l
s
.
A
s
c
a
n
b
e
s
e
e
n
,
t
h
e
r
e
d
o
e
s
n
o
t
a
p
p
e
a
r
t
o
b
e
a
n
y
s
i
g
n
i
f
i
c
a
n
t
t
r
e
n
d
s
o
r
d
i
f
f
e
r
e
n
c
e
s
i
n
t
o
t
a
l
P
c
o
n
t
e
n
t
b
e
t
w
e
e
n
t
h
e
d
i
f
f
e
r
e
n
t
s
o
i
l
h
o
r
i
z
o
n
s
.
T
h
u
s
,
i
n
c
a
l
c
u
l
a
t
i
n
g
42
+
—
Shore
line
mater
ial
contr
ibute
s to
the c
hemic
al po
lluti
on of
the G
reat
Lakes
, an
att
emp
t w
as
mad
e t
o i
nve
sti
gat
e t
he
pot
ent
ial
of
che
mic
al
com
pon
ent
s i
n t
he
soi
l
to
be
dis
sol
ved
in
lak
e w
ate
r a
nd
the
pot
ent
ial
of
the
se
com
pon
ent
s t
o b
e t
ake
n
up
by
the
bio
ta
of
the
lake
.
Dat
a w
ere
pro
vid
ed
fro
m t
he
ana
lys
is
of
wea
k a
cid
ext
rac
ts
fro
m t
he
U.S.
EPA
soi
l s
amp
les
.
The
se
ext
rac
tab
le
con
cen
tra
tio
ns,
as
rep
ort
ed
in
App
end
ix
A,
wer
e
pro
vid
ed i
n a
n e
ffo
rt
to
get
som
e i
dea
of
the
typ
e
and
qua
nti
ty
of
con
tam
ina
nts
tha
t c
oul
d b
e r
ele
ase
d f
rom
the
soi
ls
in
the
aqu
ati
c
environment.
The
mil
d
aci
d e
xtr
act
ion
tec
hni
que
is
not
the
onl
y m
eth
od
whi
ch
can
be
us
ed
fo
r
as
se
ss
in
g
the
"a
va
il
ab
il
it
y"
of
co
nt
am
in
an
ts
as
so
ci
at
ed
wi
th
pa
rt
i-
cul
ate
mat
eri
al,
nor
is
it
lik
ely
the
bes
t
tec
hni
que
for
ass
ess
ing
ava
ila
bil
ity
.
Ne
ve
rt
he
le
ss
,
th
e
mi
ld
ac
id
ex
tr
ac
ta
bl
e
da
ta
ar
e
th
e
on
ly
da
ta
th
at
we
re
pr
ov
id
ed
wh
ic
h
ca
n
be
us
ed
to
as
se
ss
th
e
qu
es
ti
on
of
av
ai
la
bi
li
ty
.
An
un
de
rs
ta
nd
in
g
of
the
che
mis
try
of
mil
d a
cid
ext
rac
tio
ns
is
ess
ent
ial
to
pro
per
int
erp
ret
ati
on
of
the data.
Ex
tr
ac
ti
on
te
ch
ni
qu
es
us
ed
to
de
te
rm
in
e
th
e
am
ou
nt
of
po
te
nt
ia
ll
y
av
ai
la
bl
e
ma
te
ri
al
s
in
a
so
il
sa
mp
le
ar
e
ba
se
d
pr
im
ar
il
y
on
re
se
ar
ch
co
nd
uc
te
d
in
th
e
so
il
fe
rt
il
it
y
fi
el
d
(B
la
ck
,
196
5;
Ja
ck
so
n,
19
70
).
Le
e
an
d
Pl
um
b
(19
74)
ha
ve
re
vi
ew
ed
so
me
of
th
e
ex
tr
ac
ti
on
te
ch
ni
qu
es
pr
es
en
tl
y
us
ed
to
as
se
ss
av
ai
la
bi
li
ty
.
Th
e
ex
tr
ac
ta
nt
s
th
ey
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mean
concentrations
for
the
three
different
soil
types
(Table
8
)
as
discussed
earlier,
calculations
were
made
irrespective
of
the
soil
horizon
of
the
sample.
The
possibility
of
a
relationship
between
samples
taken
from
the
face
of
the
bluff
or
the
top
of
the
bluff
with
chemical
concentration
was
also
investigated.
The
sampling
procedure
used
for
the
top
and
for
the
face
of
the
bluff
have
been
described
previously.
In
general,
there
was
found
to
be
no
relation
between
chemical
concentrations
and
whether
samples
were
taken
from
the
face
of
the
bluff
or
from
the
top
of
the
bluff.
Separate
data
for
both
the
face
and
top
of
the
bluff
are
available
only
for
Michigan
counties,
so
the
number
of
samples
available
for
comparison
are
somewhat
limited.
It
is
possible
that
samples
taken
from
the
exposed
part
of
the
face
of
the
bluff
could
have
different
chemical
character-
istics
compared
to
an
unexposed
sample
taken
from
within
the
bluff.
Exposure
to
the
atmosphere
and
possible
leaching
by
wave
action
could
possibly
change
some
of
the
chemical
characteristics.
However,
there
are
no
data
available
to
show
whether
such
differences
occur.
It
is
likely
that
any
differences
would
be
small
and
since
the
exposed
surface
of
the
shoreline
would
be
small
relative
to
the
rest
of
the
bluff,
it
is
doubtful
that
any
such
differences
would
be
quanti-
tatively
important
in terms
of
chemical leaching
to
a lake.
In fact,
any
chemicals
that might be leached
from the shoreline by wave action would probably enter the
lake anyway.
TABLE 14 VARIATIONS OF TOTAL PHOSPHORUS WITH SOIL HORIZON OF SHORELINE SAMPLES
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BACKGROUND DATA
As part of subactivity l-l(b), Armstrong et al.(l976)conducted a data search
which consisted of a literature review and a mail-survey of individuals and agencies
likely to have shore erosion data of interest. Coastal researchers were requested
to send published data and literature, copies of unpublished data, or information
dealing with on going data collection efforts. Through this search all available
information on bluff height, reach length, bluff recession and other shoreline
data was obtained. The Armstrong et_al, (1976) review was used as the primary
data source for this study (Subactivity l-2).
In addition to the report of Armstrong gt al. (1976), the Great Lakes Basin
Commission Framework Study Appendix 12, "Shore Use and Erosion" (Great Lakes 1
Basin Commission, 1975), provided much backgroundmaterial for this report. Basic
data on lake shoreline lengths, shore types, and other physical statistics were
obtained from this work.
GENERAL METHODOLOGY
To calculate the volume of eroded material for any length of shoreline,infor-
mation must be gathered on each of the three components that influence the
volume of material entering the lake: bluffline recession rate, bluff height and
shoreline length. Erosion rates can then be computed by multiplying the bluff
line recession rate by the bluff height and the length of shoreline or reach
length of interest. This approach, known as the rectangluar prism method for
erosion rate derivations, was used in this report. Figure 2 shows how these
three dimensions are combined to give the volumetric contribution to the lake.
Once
the
eros
ion
rate
of a
give
n sh
orel
ine
is k
nown
, ch
emic
al l
oads
can
be
calculated by multiplying the erosion rate by the product of the chemical concen-
tration of each chemical constituent and the density of the shoreline soil. In
this way the chemical loading in kilograms per year (or any convenient unit) can
be obtained. The details of how these calculations were made are discussed below.
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FIGURE 2
EROSION RATE DERIVATION
RECTANGULAR PRISM METHOD
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 Engineers
shore
type
designations
include
information
on
bluff
heights
but
only
in
terms
of
greater
or
less
than
30
feet.
Bluff
heights
reported
by
Armstrong
e£_§l,
(1976)
were
used
in
this
report.
Although
bluff
heights
can
change
as
erosion
exposes
new
shoreline
with
a
different
topography,
bluff
heights
measured
from
USGS
maps
are
only
accurate
to
plus
or
minus
five
feet
and
thus
reasonable
for
the
purposes
of
this
project.
Field
measurements
generally
provide
more
accurate
data
and
were
used
where
available.
REACH LENGTH
The
U.S.
shoreline
was
divided
up
into
1,330
different
sections
or
reaches.
A new reach
starts
or
ends
in a
given county whenever
the
shoretype
changes
or
the
average
bluff height
changes
by more
than
five
feet.
By
examining
reaches
individually,
a rather detailed view of
erosion
trends in a given area can be
obtained.
Armstrong 33 al.
(1976) presented reach
length data for those counties
that had recession rate information available.
These data were reported to the
nearest tenth of a mile (the conversion to kilometers was also given).
In this
study the lengths of those reaches not covered in Armstrong §E_§l, (1976) were
measured in order that mileage for all U.S. shoreline reaches would be known.
Measurements were made from U.S. Geological Survey 7 1/2 minute quad sheets where
available or 15 minute quad sheets, using a standard mechanical map measure.
Reach length measurements obtained in this way when summed give total shoreline
distances that agree reasonably well withCorps of Engineer's shoreline distances
given in Table 2
RECESSION RATE
Although bluff height and reach length are not time dependent and can be
measured rather accurately, recession rate is a measurement of change over time
and is more difficult to measure accurately. In particular, large year to year
variations in recession rate can occur since recession depends on such factors
as the frequency of storms, lake levels, topography, geological formation of the
currently exposed bluff, vegetation and a variety of other factors. Reach length
and bluff height can also conceivably change as erosion changes the length of bluff
exposed to wave attack or exposes a bluff of new topography, however such changes
are usually negligible compared to those encountered with recession rates.
Recession rate is certainly the most difficult component to measure or estimate
and is thus the most uncertain factor of the three components used to calculate
erosion in this report.
Because of the short and long term variability of recession, an attempt
has been made to view maximum and minimum recession rates as well as the average
or mean rate likely to occur over a number of years. In this way shoreline
erosion could be calculated for "average" recession conditions as well as for
periods of high recession and low recession. Since it is currently not possible
to kn
ow or
predi
ct r
ecess
ion w
ith
a hig
h deg
ree o
f acc
uracy
, th
e ran
ges
provi
ded
in t
his
repo
rt s
houl
d at
leas
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e an
indi
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f wh
ere
the
true
valu
e is
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n
ra
te
s
fo
r
th
os
e
re
ac
he
s
wi
th
no
da
ta
,
th
os
e
re
ac
he
s
wi
th
av
ai
la
bl
e
re
ce
ss
io
n
"m
ea
su
re
me
nt
s"
as
re
po
rt
ed
in
Ar
ms
tr
on
g
g£
_a
l,
(1
97
6)
we
re
fi
rs
t
ta
bu
la
te
d.
Th
is
ta
bu
la
ti
on
wa
s
th
en
ex
am
in
ed
to
il
lu
mi
na
te
th
e
ga
ps
in
th
e
re
ce
ss
io
n
in
fo
rm
at
io
n.
A
ma
xi
mu
m,
mi
ni
mu
m
an
d
av
er
ag
e
re
ce
ss
io
n
wa
s
th
en
ge
ne
ra
te
d
fo
r
re
ac
he
s
la
ck
in
g
re
ce
ss
io
n
da
ta
by
ex
tr
ap
ol
at
in
g
in
fo
rm
at
io
n
fr
om
si
mi
la
r
re
ac
he
s
as
we
ll
as
an
al
yz
in
g
ch
ar
ac
te
ri
st
ic
s
of
th
e
re
ac
h
wh
ic
h
ma
y
in
fl
ue
nc
e
th
e
ra
te
at
wh
ic
h
it
re
ce
de
s.
Ma
ny
fa
ct
or
s
mu
st
be
co
ns
id
er
ed
wh
en
ex
tr
ap
ol
at
in
g
re
ce
ss
io
n
in
fo
rm
at
io
n
fr
om
on
e
re
ac
h
to
an
ot
he
r.
Th
e
si
ze
an
d
du
ra
ti
on
of
st
or
m
in
du
ce
d
wa
ve
s
ha
s
a
di
re
ct
in
fl
ue
nc
e
on
re
ce
ss
io
n.
Th
es
e
wa
ve
s
ar
e
de
pe
nd
en
t
up
on
th
e
ve
lo
ci
ty
,
di
re
ct
io
n,
du
ra
ti
on
,
an
d
fe
tc
h
of
th
e
wi
nd
.
Hi
gh
la
ke
le
ve
ls
ag
gr
av
at
e
th
e
re
ce
ss
io
n
pr
ob
le
m
by
al
lo
wi
ng
sm
al
le
r
st
or
m
wa
ve
s
to
st
ri
ke
di
re
ct
ly
ag
ai
ns
t
th
e
bl
uf
f.
Wh
il
e
it
is
po
ss
ib
le
th
at
re
ce
ss
io
n
ra
te
s
wo
ul
d
le
ss
en
if
la
ke
s
we
re
lo
we
re
d
th
ey
wo
ul
d
no
t
be
st
op
pe
d.
An
ot
he
r
fa
ct
or
to
co
ns
id
er
is
th
e
ph
ys
ic
al
ma
ke
up
an
d
lo
ca
ti
on
of
th
e
bl
uf
f.
Sa
nd
y
bl
uf
fs
th
at
ar
e
su
sc
ep
ta
bl
e
to
di
re
ct
wa
ve
at
ta
ck
wi
ll
re
ce
de
at
a
fa
st
er
ra
te
th
an
a
cl
ay
bl
uf
f
th
at
is
in
a
pr
ot
ec
te
d
ba
y.
Ot
he
r
fa
ct
or
s
to
co
ns
id
er
ar
e
ma
n
ma
de
in
fl
ue
nc
es
su
ch
as
br
ea
k
wa
te
rs
,
bo
tt
om
to
po
gr
ap
hy
,
an
d
th
e
st
re
ng
th
of
th
e
li
tt
or
al
cu
rr
en
t.
De
sp
it
e
th
ei
r
im
po
rt
an
ce
no
at
te
mp
t
wa
s
ma
de
to
ma
th
ma
ti
ca
ll
y
ac
co
un
t
fo
r
th
es
e
ph
ys
ic
al
in
-
fl
ue
nc
es
.
Ho
we
ve
r,
th
es
e
fa
ct
or
s
al
l
we
re
co
ns
id
er
ed
in
a
qu
al
it
at
iv
e
se
ns
e
du
ri
ng
th
e
ex
tr
ap
ol
at
io
n
pr
oc
es
s.
It
is
re
co
gn
iz
ed
th
at
an
y
ex
tr
ap
ol
at
io
n
of
re
ce
ss
io
n
in
fo
rm
at
io
n
fr
om
on
e
sh
or
el
in
e
re
ac
h
to
an
ot
he
r
is
ju
dg
em
en
ta
l
an
d
Su
bj
ec
t
to
co
ns
id
er
ab
le
er
ro
r.
In
or
de
r
to
pr
ov
id
e
a
mo
re
re
as
on
ab
le
"e
st
im
at
e"
,
a
ra
ng
e
of
va
lu
es
li
ke
ly
to
oc
cu
r
wa
s
es
ti
ma
te
d
fo
r
ea
ch
er
od
ib
le
re
ac
h
wh
er
e
po
ss
ib
le
.
By
pr
ov
id
in
g
a
ra
ng
e
of
va
lu
es
,
si
mi
la
r
to
th
at
pr
ov
id
ed
by
Ar
ms
tr
on
g
g£
_a
l.
(1
97
6)
in
Su
ba
ct
iv
it
y
l—
l(
b)
,
a
be
tt
er
ap
pr
ec
ia
ti
on
of
th
e
va
ri
ab
il
it
y
of
re
ce
ss
io
n
ra
te
s
ca
n
be
ob
ta
in
ed
.
Th
e
av
er
ag
e
or
me
an
es
ti
ma
te
d
re
ce
ss
io
n
ra
te
wa
s
no
t
me
an
t
to
be
th
e
mi
dd
le
or
me
di
um
va
lu
e
be
tw
ee
n
th
e
ma
xi
mu
m
an
d
mi
ni
mu
m,
bu
t
wa
s
me
an
t
to
re
fl
ec
t
th
e
av
er
ag
e
ra
te
based on similiar reaches.
Av
ai
la
bl
e
re
ce
ss
io
n
in
fo
rm
at
io
n
fo
r
La
ke
Er
ie
wa
s
ge
ne
ra
ll
y
li
mi
te
d
to
an
aver
age
rece
ssio
n ra
te f
or e
ach
reac
h de
rive
d f
rom
the
data
of C
arte
r (
1975
).
Fr
om
th
e
in
fo
rm
at
io
n
av
ai
la
bl
e
on
La
ke
s
Su
pe
ri
or
,
Mi
ch
ig
an
an
d
Hu
ro
n
(A
rm
st
ro
ng
35
al
.,
19
76
)
it
wa
s
ob
se
rv
ed
th
at
th
e
ma
xi
mu
m
re
ce
ss
io
n
ra
te
wa
s
ge
ne
ra
ll
y
ab
ou
t
80
pe
rc
en
t
gr
ea
te
r
th
an
th
e
av
er
ag
e
ra
te
,
an
d
th
e
mi
ni
mu
m
re
ce
ss
io
n
ra
te
wa
s
ge
ne
ra
ll
y
ab
ou
t
60
pe
rc
en
t
le
ss
th
an
th
e
av
er
ag
e
ra
te
.
As
su
mi
ng
su
ch
a
tr
en
d
48
would
hold
for
Lake
Erie,
a
maximum
and
minimum
recession
rate
for
Lake
Erie
was
calculated.
The
known
average
rate
for
each
reach
was
multiplied
by
1.8
to
generate
a
maximum
value
and
by
0.4
to
generate
a
minimum
recession
rate.
Any
reach
length
that
was
designated
as
nonerodible
by
the
U.S.
Army
Corps
of
Engineers'
National
Shoreline
Study
was
given
a
recession
rate
of
zero.
How—
ever,
there
were
some
reaches
designed
by
the
Corps
of
Engineers
as
nonerodible
which
had
some
"measureable"
recession
baSed
on
other
studies.
Whenever
such
a
conflict
arose,
the
actual
data
were
used.
Those
areas
that
were
designated
as
artificial
fill
areas
by
the
Corps
of
Engineers
were
also
considered
as
nonerodible.
Because
of
the
lack
of
recession
measurements
for
Lake
Ontario
shoreline,
the
estimation
of
recession
rates
along
this
lake
neCessitates
a
somewhat
different
procedure.
Lake
Ontario
only
had
recession
information
available
for
Oswego
County
and
those
data
were
limited
to
average
recession
rates.
To
compute
a
total
erosion
load
to
Lake
Ontario,
the
Oswego
County
recession
data
were
ex-
trapolated
over
the
entire
U.S.
Lake
Ontario
shore.
Oswego
County
has
shoreline
on
both
the
south
and
east
shore
of
Lake
Ontario.
The
"measured"
recession
rates
reported
in Armstrong_e£ El.
(1976)
varied
from 0.25
m/yr
to 0.37
m/yr
for
the
southern
shore
and
were
0.57
m/yr
for
the
east
shore.
From
these
data
as well as from information on shoreline composition, wind
records and the wave
trends,
shore reaches
in Niagra, Orleans, Monroe,
and western portions of Wayne
County were all assigned an average recession rate of 0.25 meters per year.
The remaining portion of Wayne County and Cayuga County were assigned an average
recession of 0.37 m/yr.
The recession rate given to reaches in Jefferson County
on the east shore varied from 0.57 m/yr to 0.0 m/yr depending on the location
and shoreline composition.
Maximum and minimum recession rates were also
generated for the entire erodible U.S. Lake Ontario shore using the procedure
developed for Lake Erie described earlier.
EROSION RATE
After the reaches in a given county were assigned recession rates or design-
ated as nonerodible, erosion rates were computed.
Each reach within a county
was examined and a range of erosion rates was computed by multiplying the bluff
height by the reach length and each of the three recession rate values (avera e,
maximum and minimum). These three erosion rate values for each reach were added
to erosion values in the other reaches in the county yielding the total volume
eroded for that county. The counties were totaled to give the erosiOn in each
planning subarea. Similarly, the planning subareas were totaled to give the
erosion to each lake, and the lakes were totaled producing a final range of
erosion rates likely to occur alongthe U.S. Great Lakes shoreline. The following
formula was used to calculate erosion rates:
(Avg. Max. Min.) (Avg. Max. Min.)
Bluff Height X Reach Length X Recession Rate = Er031on Rate
(m) (m) (m/yr) (m3/yr)
Armstrong et al. (1976) used this same procedure for each reach with avail—
,able "measured"—recession rates to calculate the erosion rates likely to occur
Per meter of reach. The calculations were made in English units giving erosion
rates in cubic yards per year per foot of shoreline. This number was then con-
verted into meters per year per meter of shoreline. In this report all calculations
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 w
e
r
e
m
a
d
e
u
s
i
n
g
m
e
t
r
i
c
u
n
i
t
s
.
T
h
u
s
,
w
h
e
n
d
a
t
a
o
n
r
e
c
e
s
s
i
o
n
r
a
t
e
,
b
l
u
f
f
h
e
i
g
h
t
o
r
r
e
a
c
h
l
e
n
g
t
h
w
e
r
e
o
b
t
a
i
n
e
d
f
r
o
m
A
r
m
s
t
r
o
n
g
g
£
_
a
1
.
(
1
9
7
6
)
f
o
r
a
n
e
r
o
s
i
o
n
c
a
l
c
u
l
a
—
t
i
o
n
,
t
h
e
m
e
t
r
i
c
v
a
l
u
e
s
w
e
r
e
u
s
e
d
a
n
d
p
r
o
p
e
r
l
y
r
o
u
n
d
e
d
t
o
a
v
o
i
d
c
o
n
v
e
r
s
i
o
n
e
r
r
o
r
s
.
T
h
e
r
e
s
u
l
t
o
f
t
h
i
s
m
e
t
h
o
d
o
l
o
y
w
a
s
t
o
g
e
n
e
r
a
t
e
a
n
a
v
e
r
a
g
e
,
m
a
x
i
m
u
m
,
a
n
d
m
i
n
i
m
u
m
e
r
o
s
i
o
n
r
a
t
e
f
o
r
e
v
e
r
y
e
r
o
d
i
b
l
e
r
e
a
c
h
a
l
o
n
g
t
h
e
U
.
S
.
G
r
e
a
t
L
a
k
e
s
S
h
o
r
e
l
i
n
e
.
A
n
o
t
a
t
i
o
n
w
a
s
m
a
d
e
a
s
t
o
w
h
i
c
h
o
f
t
h
o
s
e
r
e
a
c
h
e
s
w
e
r
e
b
a
s
e
d
o
n
a
c
t
u
a
l
"
m
e
a
s
u
r
e
m
e
n
t
s
"
f
r
o
m
t
h
e
r
e
v
i
e
w
of
A
r
m
s
t
r
o
n
g
g
t
_
3
1
,
(1
97
6)
a
n
d
w
h
i
c
h
w
e
r
e
d
e
r
i
v
e
d
f
r
o
m
"
e
x
t
r
a
-
p
o
l
a
t
e
d
"
r
e
c
e
s
s
i
o
n
i
n
f
o
r
m
a
t
i
o
n
a
s
d
e
r
i
v
e
d
i
n
t
h
i
s
s
t
u
d
y
.
T
h
e
v
o
l
u
m
e
o
f
m
a
t
e
r
i
a
l
e
r
o
d
e
d
w
a
s
t
o
t
a
l
e
d
f
o
r
e
a
c
h
c
o
u
n
t
y
a
n
d
a
p
e
r
c
e
n
t
a
g
e
of
t
h
e
v
o
l
u
m
e
e
r
o
d
e
d
t
h
a
t
w
a
s
a
c
t
u
a
l
l
y
b
a
s
e
d
o
n
a
n
"
e
s
t
i
m
a
t
e
d
"
r
a
t
h
e
r
t
h
a
n
"
m
e
a
s
u
r
e
d
"
v
a
l
u
e
s
w
a
s
c
o
m
p
u
t
e
d
.
T
h
i
s
s
a
m
e
p
r
o
c
e
d
u
r
e
w
a
s
d
o
n
e
o
n
a
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
,
l
a
k
e
b
a
s
i
n
,
a
n
d
G
r
e
a
t
L
a
k
e
s
Basin level.
E
x
a
m
p
l
e
of
E
r
o
s
i
o
n
C
a
l
c
u
l
a
t
i
o
n
T
a
b
l
e
15
is
a
n
e
x
a
m
p
l
e
of
t
h
e
r
e
a
c
h
b
y
r
e
a
c
h
a
p
p
r
o
a
c
h
u
s
e
d
i
n
c
o
m
p
u
t
i
n
g
e
r
o
s
i
o
n
ra
te
s
fo
r
C
h
a
r
l
e
v
o
i
x
Co
un
ty
,
M
i
c
h
i
g
a
n
.
Th
is
p
r
o
c
e
d
u
r
e
wa
s
us
e
d
in
e
ve
r
y
c
o
un
t
y
a
l
o
n
g
th
e
U.
S.
G
r
e
a
t
L
a
k
e
s
sh
or
el
in
e.
E
v
e
r
y
U.
S.
s
h
o
r
e
l
i
n
e
r
e
a
c
h
w
a
s
a
s
s
i
g
n
e
d
a
e
i
g
h
t
-
d
i
g
i
t
n
u
m
b
e
r
in
A
r
m
s
t
r
o
n
g
g
t
_
a
l
f
(1
97
6)
i
n
d
i
c
a
t
i
n
g
w
h
e
r
e
th
e
r
e
a
c
h
b
e
g
a
n
an
d
en
de
d.
T
h
e
n
u
m
b
e
r
c
o
r
r
e
s
p
o
n
d
s
to
s
p
e
c
i
f
i
c
p
o
l
i
t
i
c
a
l
b
o
un
d
a
r
i
e
s
.
In
th
is
r
e
p
o
r
t
th
is
co
de
wa
s
r
e
d
uc
e
d
to
th
e
c
o
un
t
y
n
u
m
b
e
r
a
n
d
a
l
e
t
t
e
r
c
o
r
r
e
s
—
p
o
n
d
i
n
g
to
e
a
c
h
re
ac
h.
F
i
g
ur
e
3
sh
ow
s
th
e
l
o
c
a
t
i
o
n
of
C
h
a
r
l
e
v
o
i
x
Co
un
ty
,
M
i
c
h
i
-
ga
n,
an
d
th
e
l
e
t
t
e
r
s
a
s
s
i
g
n
e
d
to
th
e
r
e
a
c
h
e
s
in
th
e
co
un
ty
.
A
li
st
of
c
o
un
t
y
n
u
m
b
e
r
s
fo
r
a
l
l
G
r
e
a
t
L
a
k
e
s
c
o
un
t
i
e
s
c
a
n
b
e
f
o
un
d
in
th
e
I
n
t
r
o
d
u
c
t
i
o
n
(T
ab
le
1
).
E
a
c
h
r
e
a
c
h
al
so
ha
s
a
p
a
r
t
i
c
u
l
a
r
s
h
o
r
e
ty
pe
a
s
s
i
g
n
e
d
b
y
th
e
U.
S.
A
r
m
y
C
o
r
p
s
of
En
gi
ne
er
s.
Th
is
in
fo
rm
at
io
n
is
pr
ov
id
ed
in
th
e
se
co
nd
co
lu
mn
of
Ta
bl
e
15
.
Th
e
l
e
n
g
t
h
of
th
e
r
e
a
c
h
an
d
th
e
h
e
i
g
h
t
of
th
e
b
l
uf
f
f
o
un
d
in
th
at
r
e
a
c
h
ar
e
al
so
g
i
ve
n
(i
n
me
te
rs
)
in
Ta
bl
e
15
.
In
or
de
r
to
ev
al
ua
te
th
e
va
li
di
ty
of
th
e
fi
na
l
da
ta
,
a
re
co
rd
wa
s
ke
pt
on
wh
ic
h
re
ac
he
s
ha
d
re
ce
ss
io
n
ra
te
s
th
at
we
re
ba
se
d
on
ac
tu
al
"m
ea
su
re
me
nt
s"
(e
it
he
r
fi
el
d
me
as
ur
em
en
ts
or
ar
ea
l
ph
ot
og
ra
ph
me
as
ur
em
en
ts
)
an
d
wh
ic
h
we
re
ba
se
d
on
"e
xt
ra
po
lu
ti
on
s"
fr
om
th
e
"m
ea
su
re
d"
da
ta
.
Th
is
re
co
rd
is
pr
ov
id
ed
in
th
e
"D
at
a
Fo
rm
”
co
lu
mn
(c
ol
um
n
fi
ve
)
of
Ta
bl
e
15
.
Re
ce
ss
io
n
ra
te
s
co
mp
il
ed
by
Ar
ms
tr
on
g
g
t
a1
.
(1
97
6)
in
Su
ba
ct
iv
it
y
1—
1
we
re
de
ri
ve
d
fr
om
ac
tu
al
ob
se
rv
at
io
ns
an
d
we
re
de
si
gn
at
ed
as
su
ch
by
th
e
le
tt
er
"M
"
fo
r
"m
ea
su
re
d"
re
ce
ss
io
n.
Er
od
ib
le
re
ac
he
s
th
at
ha
ve
no
"m
ea
su
re
d"
re
ce
ss
io
n
da
ta
we
re
as
si
gn
ed
an
"e
st
im
at
ed
"
(o
r
be
st
gu
es
s)
re
ce
ss
io
n
ra
te
ba
se
d
on
in
fo
rm
at
io
n
av
ai
la
bl
e
fo
r
si
mi
la
r
re
ac
he
s.
Th
es
e
"e
st
im
at
ed
"
or
"E
xt
ra
po
la
te
d"
va
lu
es
ar
e
id
en
ti
fi
ed
by
th
e
le
tt
er
"E
"
se
en
al
so
in
co
lu
mn
fi
ve
(T
ab
le
15
).
To
pr
ov
id
e
a
mo
re
de
sc
ri
pt
iv
e
ev
al
ua
ti
on
of
th
es
e
"E
"
re
ce
ss
io
n
ra
te
va
lu
es
a
si
mp
le
th
re
e
le
tt
er
co
de
wa
s
de
ve
lo
pe
d
th
at
cl
as
s-
if
ie
d
th
e
es
ti
ma
te
s
ac
co
rd
in
g
to
th
e_
am
ou
nt
th
e
qu
al
it
y
of
in
fo
rm
at
io
n
on
wh
ic
h
th
ey
we
re
ba
se
d.
If
an
"e
st
im
at
e"
wa
s
ba
se
d
on
th
e
re
ce
ss
io
n
ra
te
s
fo
un
d
in
a
re
ac
h
th
at
ha
d
a
si
mi
la
r
co
nf
ig
ur
at
io
n
th
en
th
at
"e
st
im
at
e"
wa
s
co
ns
id
er
ed
to
ha
ve
a
go
od
or
"G
"
in
fo
rm
at
io
n
ba
se
.
If
th
e
"e
st
im
at
ed
"
re
ce
ss
io
n
ra
te
s
we
re
de
ri
ve
d
fr
om
a
re
ac
h
th
at
ha
d
ma
ny
bu
t
no
t
al
lo
f
th
e
sa
me
ch
ar
ac
te
ri
st
ic
s
th
e
"e
st
im
aE
E"
wa
s
ju
dg
ed
to
ha
ve
a
Ea
ir
or
"F
"
in
fo
rm
at
io
n
ba
se
.
Fi
na
ll
y,
if
ve
ry
li
tt
le
or
no
da
ta
ex
is
te
d
fo
r
a
re
ac
h
si
mi
la
r
to
th
e
on
e
in
qu
es
ti
on
,
th
e
"e
st
im
at
e"
wa
s
ba
se
d
on
Po
or
or
"P
"
in
fo
rm
at
io
n
ba
se
.
Th
es
e
co
de
s
ar
e
us
ed
on
ly
to
de
sc
ri
be
"e
st
im
at
ed
"
re
ce
ss
io
n
or
er
os
io
n
ra
te
s
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TABLE 15
CHA
RLE
VOI
X C
OUN
TY,
MIC
HIG
AN
ERO
SIO
N C
ALC
ULA
TIO
NS
BY
REA
CH
 
Ave.
C.0.E.
Reach
Bluff
Reach Shore
Lengtha Heigh
ta Data
Number
Form
(Meters)
(Meters)
Form
Ave.
Max. M
in. Av
e. Max
. Min.
Recess
ion (m
/yr)
Erosio
n (m3
/yr)
Soil T
ype
33A
PE
4020
5.33
M
33B
PE
6600
0.76
E
33C
PE
2250
5.33
E
33D
PN
3380
5.33
M
33E
PN
1770
0.76
—
33F
PE
800
0.76
E F
336
PE
4020
5.33
E F
33H
PE
800
0.76
E F
331 PN
9500 0.76
-
33J
LBN
3540
5.33
-
N
0 Sand
0
Sand
0
Sand
9
0 03
6,666
21,43
8 5
40
Sand
0
0 0
0
0
0
0
0
9 acr
etion
2,571
10,499
0
502
2,508
0
1,199
5,996
c
>
c
§
c
>
o
m
m
|
\
61
304
0
0
Loam
0 2,
143 10,
713
0
0
0
Sa
nd
Sa
nd
C
O
O
H
H
H
M
O
H
r
—
l
r
—
{
O
O
61
304
O
0
0
0
Total Vol
ume Measu
red (m3éy
r)
9,237 3
1,937 54
0
Total
Volume
Estima
ted (m
/yr)
3,966
19,825
0
5
1
Soil Types 3
Volume
of San
d Erod
ed (m3
/yr)
13,142
51,458
540
Volume of Loam Er
oded (m /yr)
61 304 0
Volume
of Cla
y Erod
ed (m3
/yr)
0
0 0
County To
tal (m3/y
r) 3 3
13,203
51,762 5
40
Total Vol
ume Erode
d in Coun
ty (10 m
/yr)
13
52 1
§ derived from
U of M English me
asurements and ro
unded
estimated recession rate
measured recession rate
Go
od
es
ti
ma
te
W
To
Mu
lt
121
};
By
 
Fai
r e
sti
mat
e
met
ers
(m)
3
fee
t (
ft)
3
3.2
81
Poor est
imate
cubic met
ers (m )
cubic fee
t (ft )
35.319
I
F
i
r
-
1
2
1
0
3
4
0
4
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of
the reliability of the recession and erosion estimates that were made.
They
also are intended to illuminate those shoreline areas which might be considered
for future recession measurements.
Table
15
also indicates the average, max-
imum and minimum recession rates for each reach in the county (columns 6-8).
Based on these recession rates, the bluff heights and the reach lengths, the
computed erosion rates are given in Table 15 (columns 9-11).
The last column
in this table contains the predominate soil texture (sand, loam or clay) found
in each reach.
The importance of this information in terms of estimating chemical
loadings will be discussed in a following section.
Soil texture was determined
based on available texture information where possible or from personal contact
with individuals familiar with the area. Where no other information could be
obtained, published county soil surveys were consulted and an estimate of
whether the composition of the shoreline was predominantly sand, loam or clay
was made. Information on the subsoils (rather than surface soils) given in the
soil surveys was used whenever possible.
After the erosion rates had been calculated for each reach they were total—
led under several categories. On Table 15 the "measured" volumes were totalled
separate from the "estimated" values. This was done to distinguish the amount
of erosion that was obtainedbased on actual "measurements" and the amount based
on the "estimated" or "extrapolated" values. The volume of each of the three soil
textures is also totalled separately for use in computing chemical loadings.
Finally, a county total is presented and the total rounded off to the nearest
thousand (m3/yr). Both the unrounded and rounded numbers are presented to show
the procedure used.
CHEMICAL LOADING
After considering a number of approaches for the calculation of chemical
loadings, it was decided that the most reasonable approach was to use the mean
concentrations of the shoreline samples for sandy soils, loamy soils, and clayey
soils discussed in a previous section as representative of average soil conditions.
In this way mean chemical concentrations for each soil type as presented in
Table 8 were assumed to be representative of shoreline soil chemistry throughout
the basin.
A flow chart showing the procedure used in calculating loadings is given in
Figure 4 . Loadings were calculated for average, maximum, and minimum erosion
rates. Separate erosion volumes were calculated for the sandy, loamy, and clayey
sections of shoreline within a given county, although only the predominant soil
texture was used for a reach. These volumes were then multiplied by the mean
chemical concentrations of the correSponding soils (Table 8 ). The sum of this
product was multiplied by the density of the soil and a unit conversion factor to
obtain loadings in kilograms per year. The general mathematical expression used
to calculate the chemical loading in kilograms per year, with the appropriate
conversions, is given below:
Chemical _ Erosion Chemical X Density X Conversion
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The density of the soil was assumed to be equal to the measured specific gravity
of the sample (i.e., the weight of soil per unit volume of water is assumed to
be 1.0). A specific gravity of 2.6 was used for all calculations since, as
previously discussed, this was the mean measured specific gravity and values
varied relatively little from the mean.
Only total phosphorus, extractable total phosphorus, total Kjeldahl nitrogen,
total magnesium, extractable magnesium, total iron, extractable iron, total
manganese, extractable manganese, total aluminum, total calcium, and total lead
loadings were calculated using this method. Loadings for other parameters were
not calculated by this method due to lack of appropriate data or low concentra—
tions in the soil samples that were analyzed. Table 16 shows the results of
chemical loading calculations for Charlevoix County, Michigan. As was the case
for erosion, this county is used to illustrate the method of the chemical loadings
calculation process. Loadings were calculated for average, maximum and minimum
erosion on a county basis. It should be realized that although results are
presented to the nearest kg/yr, it is not implied that the numbers are significant
at the kilogram level. Since county results were summed to provide PSA loadings,
PSA loadings were summed to provide lake loadings and so on, the numbers in
Table 16 have not been rounded in order to better show the procedure used.
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TABLE 16
:CHE
MICA
L LO
ADIN
G (kg/yr)
  
Chemical
Total Phosphorus
Extractable Phosphorus
Total Kjelduhl
Nitrogen
Total Magnesium
U1
0‘
Extractable Magnesium
Tot
al
Iro
n
Avg
Ma
x
Min
Avg
Max
Min
Avg
Max
Min
Avg
Max
Min
Avg
Max
Min
So
il
 
Sa
nd
3,401
16,901
150
1,701
8,450
7
5
5,7
82
28,731
254
140,475
698,002
6,174
59,
523
295
,76
4
2,6
16
187,413
93
1,
23
3
8,2
37
Loam
63
31
6
18
9
2
153
765
2,3
58
11,
789
664
3,320
2,896
14
,4
68
0
Total
3,4
64
,17,
217
150
1,719
8,542
7
5
5,935
29,496
254
142
,83
3
709,791
6,174
60,167
299,084
2,616
190,307
945,701
8,237
Chemical
Extractable Iron
Total
Mangan
ese
Extra
ctabl
e
Manga
nese
Total
Alumin
um
Total
Calciu
m
Total
Lead
Avg
Max
Min
Avg
Max
Min
Avg
Max
Min
Avg
Max
Min
Avg
Max
Min
Avg
Min
Sa
nd
2,721
13,521
120
3,7
41
18,591
164
680
3,380
30
49,659
246,751
2,183
286,731
1,424,736
12,603
170
845
7
Soil8
Loam
3
0
150
7
0
349
Total
2,750
13,671
120
3,8
11
18,940
164
695
3,4
55
3
0
51,072
253,815
2,183
291,157
1,446
,867
12,603
175
8
7
0
7
To convert from
Kilograms (kg)
to
pounds (16)
Multiply bz
2.20246
asand — reaches A—D, G, H
loam - reaches F,
Clay — no clay present
Reaches E, I, J are non—erodible
SHORELINE
LOADING
RESULTS
The
information
presented
in
this
section
consists
of
the
physical
and
chem—
ical
shoreline
loading
values
obtained
for
each
county
along
the
U.S.
Great
Lakes
Shoreline.
This
information
is
summarized
on
a
county,
planning
subarea,
lake
basin,
and
Great
Lakes
Basin
level.
These
results
were
obtained
from
loading
determinations
done
at
the
shoreline
reach
level
as
discussed
previously.
Shore—
line
loadings
at
the
reach
level
are
not
reported
here;
however,
this
information
is
on
file
at
the
offices
of
the
Great
Lakes
Basin
Commission.
EROSION VOLUME
County and PSA
Table
17
provides
erosion
rate
information
for
each
county
and
planning
subarea
in
the
U.S.
Great
Lakes
Basin.
The
county
name
and
number
have
been
provided
starting
with
Lake
Superior
and
following
the
shoreline
through
Lakes
Michigan,
Huron,
Erie
and
finally
Ontario.
The
county
numbers,
assigned
by
the
Corps
of
Engineers
in
their
National
Shoreline
Study,
have
been
given previously.
Shoreline
lengths
in
kilometers
are
also
presented
for
each
county
and
totalled
for
the
planning
subarea.
As
discussed
previously,
these
shoreline
lengths
are
only
approximate,
having
been
measured
from
7
1/2
or
15
minute
quad
sheets.
The
next
three
columns
on
the
table
represent
the
average,
maximum,
and
minimum
erosion
rates
likely
to
occur
for
each
county.
These
values
are
based
upon
the
period
over
which
recession
measurements
were
made,
which
was
generally about 35 years.
The
Percent
of
Vblume
Estimated
column
in
Table
17
is
intended
to
provide
an
insight
into
the
reliability
of
the
given
erosion
volume
from
any
county
or
PSA.
For
example,
a
two
percent
figure
in
this
column
would
indicate
that
only
two
percent
of
the
total
volume
for
a
given
county
was
derived
from
"estimated"
recession
rates
and
the
remaining
98%
was
obtained
from
"measured"
recession.
In
this
example
the
erosion
volume
should
be
considered
very
reliable.
If
on
the
other
hand
75%
of
the
total
volume
was
derived
from
"estimated"
data
then
the
resulting
erosion
rates
must
be
viewed
critically.
To
further
aide
in
the
interpretation
of
the
results,
another
code,
the
realiability
index,
was
used
to
describe
the
reliability
of
the
estimated
volume.
This
reliability
index
is
meant
to
describe
only
the
erosion
rates
calculated
from
"estimated"
recession
in
this
study
(see
previous
section
for
.explanation
of
method)
and
not
the
total
erosion
for
any
county
or
planning
subarea.
The
"estimated"
volume
was
obtained
using
Good,
Fair,
or
Poor
(G,F,P)
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TABLE 17
VOLUME
OF MATERIAL
ERODED
PER YEAR
FROM COUNTIES
AND
PSA'S ALONG THE U.S. GREAT LAKES SHORELINE
( Lake Superior )
County or
PSA
Shoreline
Erosion
(103 m3/y
r)
Percent
of
Estimate‘3
Length
Averag
e
Maximu
m
Minimu
m
Volume
Index
Number
Name
(km)
‘
Estima
teda
Cook
159
0 0
0 0
Lake
96
0 0
0 0
St. Louis
35
33 49
8 100
Douglas 38 622 1,180 248 0
Bayfield 143 1,202 1,897 627 48
Ashland
54
178 287
92 100
Iron
6
183
271
90
100
PSA
1.1
Tota
l
531
2,21
8
3,68
4
1,06
5
39
(
D
U
E
-
H
I
H
N
M
x
‘
l
'
l
-
I
W
K
D
N
0
4
9
4
0
4
6
3
4
8 Gogebic 51 458 666 81 54
9 Ontonagon
91
65 115
33 1
10 Houghton
89
190 299
66 100
ll Keweenaw
147
204 372
87 59
12 Baraga
122
503 616
174 10
0
13 Marquette
120 '
201 410
89 93
14 Alger
137
180 315
58 100
15 Luce
52
125 237
38 47
16
Chippe
wa
(Lk. Superior Por
tion) 145
194 329
68 76
PSA 1.2 Total
954
2,120 3,359
694 7
8
F
o
u
m
o
m
m
m
u
5
8
L
L
.
a . ~.
The volum
e that wa
s not es
timated w
as derive
d from ac
tual meas
urements
bDescribes the va
lidity of the Est
imated volume of
eroded material o
nly. G—Good esti
mate, F—Fair esti
mate,
P—Poor es
timate.
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TABLE
17
(continued)
VOLUME OF MATERIAL ERODED PER YEAR FROM COUNTIES AND
PSA'S ALONG THE U.S. GREAT LAKES SHORELINE
(Lake Michigan)
 
County or PSA
Shoreline
Erosion (103 i
d’s/yr) P
ercent of
Estimate
Length
Average Maxi
mum Minimum
’ Volume
Index
Number Name (km) ‘ _ Es t imated
35 Marinette 36
4 7
36 0conto 46
3 10
37 Brown
58
4 13
38 Kewaunee 28
138 163 5 8
39 Door
230
18 52
100
40 ManitOwoc 59
148 212 53 19
41 Sheboygan 44 76 99 58 31
PSA 2.1 Total 501 391 556 173 23
100
100
100
O
O
O
N
l
-
ﬁ
D
a
Q
-
a
ﬂ
a
U
D
-
a
O
U
I
-
n
42 Ozaukee 45
590 705 519 10
43 Milwaukee 49 367 474 258 0
44 Racine 26 172 251 95 64
45 Kenosha 23 84 101 66 23
46 Lake Ill. 47 286 443 129 10
47 Cook
63
86 137 34 100
48 Lake Ind. 38
29 43 21 100
49 Porter 32 ‘ 352 479 269 72
50 LaPorte 11 53 68 44 85
PSA 2.2 Total 334 2,019 2,701 1,435 31
U
 
O
U
L
n
ﬁ
a
L
r
-
a
L
Y
-
«
F
H
F
H
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TABLE 17
(continue
d)
VOL
UME
OF
MAT
ERI
AL
ERO
DED
PER
YEA
R F
ROM
COU
NTI
ES
AND
PSA
'S
ALO
NG
THE
U.S.
GRE
AT
LAK
ES
SHO
REL
INE
(Lake
Michig
an)
3
.
Co
un
ty
or
PS
A
Sh
or
el
in
e
Er
os
io
n
(10
3
m
/yr
)
Pe
rc
en
t
of
Es
ti
ma
te
Len
gth
Ave
rag
e
Max
imu
m
Min
imu
m
'Vo
lum
e
Ind
ex
Num
ber
Nam
e
(km
)
Est
ima
ted
21 Berrien
71
556 785
147
8
22 Van Buren
21
248 534
41 ll
23 Al
legan
41
827
1,317
427
24 Ot
tawa
43
481
1,036
80
PSA 2.3 Total
176
2,112 3,672
695
(
S
Q
U
I
D
H
O
Q
25 Mu
skegon
45
379
887
37
26 Oc
eana
44
337
808
37
27 Mason
49
346 955
l
28 Manistee
43
298 604
75
29 Be
nzie
43
363
827
20
30 Le
elanau
164
1,441
3,163
304
31 Grand Trav
erse 123
209 364
2 91
32 An
trim
41
16
29
1
33 Charlevoix
~37
13 52
l 30
34 Em
met
121
152
259
66
91
17 Ma
ckinac (
part of)
124
154
310
48
100
18 Sc
hoolcraft
70
20
32
9
91
19
Delta
237
113
172
73
86
20
Menomi
nee
69
13
23
5
58
PSA 2.4
Total
1,210
3,854
8,485
679
29
I
U
D
-
:
9
4
W
O
O
O
N
D
O
N
N
l
O
m
m
m
m
m
m
m
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TABLE
17
(continued)
VOLUME
OF
MATERIAL
ERODED
PER
YEAR
FROM
COUNTIES
AND
PSA'S
ALONG
THE
U.S.
GREAT
LAKES
SHORELINE
(Lake Huron)
 
County or PSA
Number
16
17
51
5
2
53
54
55
5
6
Name
Chippewa
Mackinac
Cheboygan
Presque
Isle
Alpena
Alcona
Iosco
Arenac
(part)
(part)
PSA
3.1
Total
57
58
59
6O
61
Bay
Tuscola
Huron
Sanilac
St.
Clair
(part)
PSA
3.2
Total
Shoreline
Length
(
k
m
)
151
145
5
8
123
106
4
2
57
71
753
7
6
3
2
119
6
3
2
2
312
Percent of
Volume
Estimated
3 3
(10 m /yr)
Maximum
Minimum
Erosion
Average
18
37
K
66
22
44
K
100
33
67
0
80
21
85
0
83
16
43
0
100
32
66
8
94
57
85
34
58
33
67
5
100
232
494
47
82
15
30
1
100
6
12
0
100
48
116
8
100
195
358
113
20
22
48
1
100
286
564
123
46
Estimate
Index
m
m
F
I
-
«
f
-
H
C
H
L
U
D
-
I
L
H
0
4
9
-
4
0
4
(
3
d
e
K
-
less
than
0.5
(103
m3/yr)
  
TABLE
17
(continued)
VOLUME OF MATERIAL ERODED PER YEAR FROM COUNTIES AND
PSA'S ALONG THE U.S. GREAT LAKES SHORELINE
(Lake Erie)
County
or PSA
Shorel
ine
Erosio
n (
103 mB
/yr)
Percen
t of
Estima
te
<
Length
Average
Maximum
Minimum
Volume
Index
Number
Name
(km)
Estimated
 
100
10
0
100
4
5
3
61 St. Clair (part) 79
26 51
62 Macomb ' 45 2 3
63 Wayne 72 1 2
64 Monroe 54 27 47
PSA 4.1 Total 250 56 103
c
u
c
u
m
o
m
0
0
0
0
\
0
I
O
65 Lucas
34
52 102
26
66 Ottawa 77a 54 112 8 1
67 Sandusky 15a 11 27 6 100‘
68 Erie (Ohio) 88a 77 143 34 46
PSA 4.2 Total 214a 194 384 74 24
w
o
o
w
6
2
69 Lorain
, 35
54 92
23
70 Cuyahoga
37
70 128
26
71 Lake (Ohio
) 49
232 422
86
72 Ashtabula
43
148 270
55
PSA 4.3 Total
164
504 912
190
I
0
0
0
0
0
73 Erie (Pen
n) 66
602 1,095
223
74 Chautauqua
69
132 241
49
75 Erie (part
)(N.Y.) 41
37 67
14
PSA 4.4 Total
176
771 1,403
286
l
0
0
0
0
a Include
s portion
of Sandus
ky Bay
(57 km to
tal)
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TABLE
17
(continued)
VOLUME 0F MATERIAL ERODED PER YEAR FROM COUNTIES AND
PSA'S ALONG THE U.S. GREAT LAKES SHORELINE
(Lake Ontario)
 
County
or
PSA
Shoreline
I
Erosion
(103
m3/yr)
Percent
of
Estimate
Length
Average
Maximum
Minimum
Volume
Index
Number
Name
(km)
Es tima ted
753‘
Erie
NY
(part)
12
o
o
o
—
76a
Niagra
108
79
141
31
100
77
Orleans
40
16
30
7
100
78
Monroe
60
79
142
32
100
PSA
5.1
Total
220
174
313
70
100
9
4
9
4
9
-
1
9
4
79
Wayne
61
106
194
41
100
80
Cayuga
13
37
7O
14
100
P
81
Oswego
56
131
233
47
0
—
PSA
5.2
Total
130
274
497
102
52
P
82:
Jefferson
283
103
185
40
100
P
83
St.
Lawrence
152
59
118
0
100
P
PSA
5.3
Total
435
.162
303
40
100
P
Q
4
 
To Convert from
To
Multiglz b2
kilometers (km)
miles
(mi)
0.62114
cubic meters
(111 )
cubic feet
(ft3)
35.319
  
Niagara
River
(63km.
total)
a
b
Includes
St.
Lawrence
River
(243km
total)
 recession rate "estimates". The criteria for evaluating these "estimates"
according to these three terms was strictly judgemental and has been previously
discussed.
Lake Basin and Great Lakes Basin
 
Table 18 summarizes erosion calculations on individual lake basin and Great
Lakes Basin level. Totals are derived from summing the PSA information and in—
dividual lake information, respectively. Shoreline length figures (in kilometers)
do not agree exactly with the Corps of Engineers shoreline length figures given
earlier in Table 2 . The reason for the differences, which are relatively
small, is the different methods used for measuring shoreline length as discussed
previously. _The Corps of Engineers shoreline length values are mentioned only
for comparison purposes and were not used in any calculations.
The percent of volume eroded and estimate index figures were based upon
information obtained from the planning subareas within that lake. Rows four
through seven on this table present the sediment load in metric tons per year.
These values were obtained by multiplying the erosion rate values by a density of
2.6 g/cc.
CHEMICAL LOADINGS
County and PSA
Chemical loadings were computed for each of the U.S. Great Lakes shoreline
counties and.planning subareas for 12 different chemical parameters. An average,
maximum and minimum chemical loading was computed in kilograms per year for each
county and PSA as shown in Table 19 . All results in Table 19 have been rounded
to the nearest 1000 kilograms.
The range of chemical loadings for each parameter is based solely on the
range of erosion rates. No attempt was made to inelude possible ranges of density
and chemical concentration for a particular soil type in these calculations. A
complete discussion of the variability of the chemical and physical data obtained
from analysis of shoreline samples (completed as part of Subactivity l-l) may
be found in a previous section of this report. It should be realized that
chemical loadings derived in this study, although based on the best information
available at this time, are only rough approximations.
'
Lake, Basin and Great Lakes Basin
Table 20 is a summary of the chemical loadings by lake and for the total U.S.
Great Lakes Shoreline. These values were obtained by adding the chemical loading
for the various planning subareas within the Lakes and the individual Lakes to
give a Great Lakes Basin total.
Average, maximum and minimum loadings are
presented for 12 different parameters. The significance of these loadings will
be discussed in detail in the following section.
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TABLE 18
SEDIMENT LOAD FROM SHORELINE EROSION
U.S. GREAT LAKES
 
U.S.
Great Lakes
Lake
Lake
Lake
Lake
Lake
Total
Superior
Michigan
Huron
Erie
Ontario
Length of Shorelinea 6,360
1,485
2,221
' 1,065
804
785
(kilometers)
Erosgog Volume
(10 m /year) 4 338
Average
15,367
7’043
8,376
518 1,525
610
Maximum
27,430
’
15,414
1,058
2,802
1,113
Minimum
5,682
1,759
2,982
170
559
212
Eros'on Weightb
(10 metric tons/yr)
Average 39,954 11,279 21,778 1,347 3,965 1,586
Maximum 71,318 18,312 40,076 2,751 7,285 2,894
Minimum
14,773
4,573
7,753
442 1,453
551
Percent of
volume estimated 34 58 23 62 5 79
Estimate Index F F F F G P
To convert from
To
Multiglz BX ’VVQ’RHQCf
kilometers (km) miles (mi) (37281' 0,41,; 7
cubic meters (m ) cubic feet (ft ) 35.319
metric tons english short tons 1.102
a Includes 57 km of Sandusky Bay (L. Erie) and 243 km of St. Lawrence River
(Lake Ontario)
b Assuming a density of 2.6 g/cc
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TABLE
19
CHEMICAL LOADING FROM U.S. SHORELINE EROSION (103 kg/yr)
Lake
Superior
 
County or
PSA
#
H
N
M
€
I
A
V
D
N
Name
Cook
Lake
St.
Loui
s
Douglas
Bayfield
Ashland
Iron
Total PSA 1.1
Gogebic
Ontonagon
Houghton
Keweenaw
Bataga
Marquette
Alger
Lu
ce
Chippewa (part)
Total PSA 1.2
Avg.
0
0
8
629
1,2
07
165
185
2,194
452
43
155
9
8
497
18
6
K - Less than 0.5 (103 kg/yr)
Total
Phosphorus
Max. Min.
13
2
1,
19
2
25
1
1,
90
4
62
9
26
6
86
27
5
92
3,650 1,060
65
8
7
9
247
197
609
374
8
2
80
2
1
62
4
1
172
8
7
15
61
10
130 21
2,437 509
Extractable
Phoqphorus
528.
l;
516
751
,134
152
1,557
131
14
47
36
14
4
55
2
3
16
34
500
Max.
6
Min.
1
978 206
1,175
779
378
69
7
5
724
11
161
Total
Kjeldahl
Nitrqgen
Avg.
1
4
501
1,694
136
147
2,492
1,095
Max.
2
2
9
4
9
2,700
219
219
4,190
1,592
183
58
6
434
1,475
898
139
105
244
5,656
Min.
Total
Magnesium
Avg.
351
26,130
48,204
6,840
7,699
89,224
16,
862
1,620
5,842
3,801
18,520
6,946
1,9
30
1,344
3,020
59,
885
Max.
526
49,487
75,976
11,048
11,422
148,459
24,526
3,001
9,288
7,598
22,712
13,994
3,384
2,540
5,169
92,212
Min.
88
10,426
25,015
3,554
3,807
42,890
2,990
81
7
2,299
1,581
6,414
3,255
618
41
2
850
19,236
Extractable
Magnesium
Avg.
149
6,330
12,336
1,696
1,864
22,375
4,748
502
1,713
1,288
5,215
1,983
818
570
1,081
17,918
Max.
223
11,994
19,469
2,738
2,766
37,190
6,906
918
2,717
2,496
6,395
4,005
1,434
1,076
1,846
27,793
37
2,525
6,439
882
9
2
2
10,805
842
254
654
540
1,8
06
919
262
175
333
5,785
Min.
A25.
468
49,928
80,604
12,945
14,713
158,658
20,693
2,023
7,220
4,828
22,728
8,545
2,575
1,793
4,087
74,492
Total
Iron
Max.
702
94,535
126,591
20,913
21,828
264,569
30,099
3,739
11,475
9,593
27,873
17,
222
4,514
3,388
6,995
114,898
Min.
117
19,922
49,180
6,724
7,276
83,219
3,670
1,020
2,827
2,012
7,871
3,996
824
550
1,1
87
23,957
 
6
7
 
T
A
B
L
E
1
9
(
c
o
n
t
i
n
u
e
d
)
C
H
E
M
I
C
A
L
L
O
A
D
I
N
G
F
R
O
M
U
.
S
.
S
H
O
R
E
L
I
N
E
E
R
O
S
I
O
N
(
1
0
3
k
g
/
y
r
)
L
a
k
e
S
u
p
e
r
i
o
r
  
County
or
PSA
#
I Name
E
x
t
r
a
c
t
a
b
l
e
Iron
Max.
 
A
vg
.
M
i
n
.
A
v
g
.
T
o
t
a
l
Mangaﬂgsz
M
a
x
.
M
i
n
.
Avg.
Max.
E
x
t
r
a
c
t
a
b
l
e
Manganese
Total
Aluminum
Total
Calcium
T
o
t
a
l
Lead
 
M
i
n
.
Avg.
Max.
Min.
Avg.
M
a
x
.
M
i
n
.
Avg.
M
a
x
.
Min.
 
Cook
0
Lake
0
St.
L
o
u
i
s
7
10
2
D
o
u
g
l
a
s
4
2
0
7
9
5
B
a
yf
i
e
l
d
718
1
,
1
2
9
A
s
h
l
a
n
d
111
179
57
Iron
124
183
61
T
o
t
a
l
P
S
A
1.1
1
,
3
8
0
2,296
H
N
N
€
W
O
N
8
G
o
g
e
b
i
c
9
O
n
t
o
n
g
a
n
23
42
11
10
Houghton
78
11
K
e
w
e
e
n
a
w
59
12 Baraga
13
M
a
r
q
u
e
t
t
e
89
14
A
l
g
e
r
37
66
12
15
L
uc
e
26
49
8
16
C
h
i
p
p
e
w
a
(Part)
51
87
16
Total
PSA
1.2
262
K
—
Less
than
0.5
(103
kg/yr)
9
8
3
9
1
,
5
0
7
218
247
2,820
500
47
172
108
549
205
51
3
6
8
5
1,753
14
1,589
2,373
353
367
4,646
727
87
273
218
673
413
9
0
68
146
2,695
2
335
7
7
9
113
122
1
,
3
5
1
8
9
24
6
8
4
5
190
16
11
562
370
124
28,443
44,243
7,286
8,384
8
8
,
4
8
0
10,103
8
9
1
3,383
1,901
11,096
4
,
1
1
5
682
4
7
5
1,533
3
4
,
1
7
9
186
58,842
6
9
,
4
0
9
11,775
12,438
152,650
14,695
1,673
5,389
3,936
13,608
8,273
1
,
1
9
6
8
9
8
2,633
52,301
31
11,350
22,495
3,784
4
,
1
4
6
4
1
,
8
0
6
1,792
4
4
9
1,366
784
3,843
1,929
218
146
392
10,919
716
39,761
79,327
10,521
11,713
1
4
2
,
0
3
8
31,653
3
,
0
9
4
11,044
7,386
34,766
13,071
3,940
2,744
5,847
113,545
1,074
7
5
,
3
1
8
1
2
5
,
2
6
4
16,988
1
7
,
3
7
7
236,021
4
6
,
0
4
1
5,718
17,552
14,675
42,634
26,343
6,907
5,184
9,998
1
7
5
,
0
5
2
179
15,862
41,503
5,467
5,792
68,803
5,614
1,561
4,324
3,077
1
2
,
0
3
9
6,061
1,261
842
1,671
36,450
3
2
7
4
1
0
124
121
6
1
118
14
208
13
3
9
6
1
\
D
N
W
M
Q
N
H
M
—
‘
m
7
-
1
m
 
6
8
r-v — —~4~
  
TABLE 19 (continued)
CHEMICAL LOADING FROM U.S. SHORELINE EROSION (103 kg/yr)
Lake Michigan
Total
Magnesium
Avg.
Max.
Total
Iron_ﬂ
Max.
Min.
Extractable
Magnesium
Max.
County or
Total
Extractable Iotal Kjeldahl
PSA
Phosphorus
Phoaphorus
Nitrggan
#
Name
Avg. Max. Min. Avg, Max. Min.
Max. Min.
Min.
Min.
___.___
35 Marinette
4 7 0 1 2 0 _ 9 18 0 137 274 0
39
77
0 168 337
0
36 0conto
3 10 0 1 3 0
8 25 0 128 384 0
36 108
0 157 471
0
37 Brown
2
8
0
2
7 0
2
8
O
96
362
0
27
99
0
171
657
0
38 Kewaunee
136 161
56 39
47 16
329 390 136 5,066 6,008 2,093
1,692
589 6,217 7,373 2,569
39 Door
16 48
4 8 21 3 29 95 4 633 1,844 155 172
506 40 958 2,625 281
40 Manitowoc
100 139 37 32 46 12 229 318 86 3,780 5,284 1,402
1,635 427 4,712 6,596 1,745
41 Sheboygan
71 91 55 21 27 16 170 220 131 2,640 3,419 2,037 752 976 579 3,246 4,206 2,504
Total PSA 2.1
332 464 152 104 153 47 776 1,074 357 12,480 17,575 5,687 3,615 5,093 1,635 15,629 22,265 7,099
Avg.
Avg.
Avg.
42 Ozaukee
583 697 513 169 202 148
1,687 1,241
43 Milwaukee
368 475 258 211 279 144
572 717 413 14,549
44 Racine
131 192
71 41
60 22
306 450 166 4,929
45 Kenosha
23 28 18 11 14 9 41 49 32 954
46 Lake (111.)
268 418 118 79 123 35 644
10,002 15,622 4,418 2,847 4,440
12,298 19,203 5,438
47 Cook
84 135 34 24 39 10 205 327 82 3,151 5,041 1,260 887 1,420 355 3,867 6,187 1,547
48 Lake (1nd.)
7 11 6 4 6 3 13 19 9 307 460 230 130 195 97 409
614 307
49 Porter
91 125 70 46 62 35 155 212 119 3,777 5,147 2,888
2,181
5,039 6,867 3,852
50 LaPorte
14 18 11 7 9 6 23 30 19 569 733 469 241 310 199 759 977 626
Total PSA 2.2
1,569 2,099 1,099 592 794 412
59,969 80,209 41,985
23,362 12,286 79,839 106,894 55,724
21,731 25,985 19,116
18,831 10,171 3,775 4,867
7,240 2,683 1,470 2,157
802
1,150 750
394
475
310
6,119 7,317 5,383 26,669
23,422
6,111
1,265
31,890
30,657 16,172
8,974 3,328
1,525
995
23,459
7,967
3,550
11,841
6,888
30,246
11,248 2,099
7,648 588
18,868
6,124
14,839 1,147
52,603
9,958
21 Berrien
145 204 38 72 102 19 246 347 65
22 Van Buren »
64 139 11 32 69 5 110 236 18
23 Allegan ,
215 342 111 107 171 56 365 582 189
24 Ottawa ’
125 269 21 63 135 10 213 458 35
Total PSA 2.3
549 954 181 274 477 90 934 1,623 307
5,972 8
,431 1
,573
2,661 5,733 440
8,875 14,138 4,590
5,163 11,122 860
22,671 3
9,424
7,463
3,572 667
2,429
187
5,991
4,713
364
16,705
12,704 528
19,685
524
13,685
14
10,041
1,787
11,853 283
168 392 16
356 869 16
153 422 K
196 355 78
161 366 9
826 2,154 165
94 164 1
4,070 9,522 396
6,389 15,530 393
3,720 10,257 10
4,060 7,659 1,408
3,903 8,884 212
18,001 44,082 3,679 16,648 23,634 57,285 4,846
2,386 4,217 47 975 1,711 15 3,296 5,867 78
170 316 11 72 134 5 226 421 15
6 29 K 143 710 6 60 299 3 190 946 8
75 125 34 1,734 2,918 788 713 1,208 316 2,297 3,872
68 137 21 1,652 3,327 519 700 1,410 220 2,204 4,439 692
9 14 4 215 339 92 91 143 39 287 452 122
270 410 174 4,155 6,319 2,675 1,170 1,779 753 5,099 7,755 3,283
5 10 2 139 250 50 59 106 21 186 334 67
5,460 520 50,737 114,330 10,286 43,799 3,752 66,412 149,339 13,275
4,035
168
5,206 167
4,346 4
3,009 475
3,765 90
5,430
8,106
4,963
5,2
87
5,2
07
25 Muskegon “
99 231 10 49 115
26 Oceana M
165 401 10 60 146
27 Mason 1
90 248 K 45 124
28 Manistee ‘
101 190 36 44 86
29 Benzie 95 215 5 47 108
30 Leelanau -
445 1,105 91 202 472
31 Grand Traverse 58 102 1 3O 54
32 Antrim V
4 8 K 2 4
33 Charlevoixv
3 17 K 2 9
34 Emmet ,
42 71 .19 20 34
17 Mackinac (part)v 40 81 13 20 40
18 Schoolcraft y/ 5 8 2 3 4
19 Delta /
111 169 72 32 49
20 Menominee «/
3 6 1 2 3
Total PSA 2.4
1,261 2,852 260 558 1,248 107
F
1
“
?
:
4
N—
1
\
r
p
m
g
n
m
N
H
M
x
o
w
H
H
H
N
K - Less than 0.5 (103 kg/yr)
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TABLE 19 (continued)
CHEMICAL LOADING
FROM U.S.
SHORELINE
EROSION
(103
kg/yr)
Lake Michigan
County
or
Extractable
Total
Extractable
Total
Total
Total
Iron
Manganese
Manganese
Aluminum
Calcium
Lead
PSA
Avg.
Max.
Min.
Avg.
Max.
Min.
Avg.
Max.
Min.
'Avg.
Max.
Min.
Avg.
Max.
Min.
Av
.
Max.
Min.
  
35
Matinette
36 0conto
37
Brown
82
164
O
258
515
0
77
230
0
240
721
0
89
349
0
156
582
0
3,032
3,586
1,254
9,499
11,234
3,930
500
1,347
153
1,099
3,284
246
2,097
2,912
785
7,208
10,090
2,669
1,567
2,026
1,212
4,965
6,433
3,830
7,444
10,614
3,404
23,425
32,859
10,675
4
8
0
1
4
11
O
1
3
11
0
6
2
5
N
N
N
m
38
Kewaunee
6
150
177
6
32
3
39
Door
26
2
19
56
4
12
40
Manitowoc
53
74
19
110
154
41
23
32
41
Sheboygan
34
44
26
78
101
60
17
22
Total
PSA
2.1
166
234
74
368
518
168
84
110
c
o
c
c
x
m
q
.
‘
«
m
e
m
o
m
v
—
l
H
x
x
x
-
«
A
n
e
w
—
1
D
o
o
m
-
a
m
m
o
H
\
O
N
N
N
Q
O
‘
N
v
—
(
f
’
ﬁ
42
Ozaukee
276
330
243
644
770
567
138
165
121
13,020
15,569
11,453
40,793
48,779
35,884
46
55
41
43
Milwaukee
212
276
147
451
585
315
91
117
64
12,704
16,688
8,737
24,414
31,421
17,171
24
30
17
44
Racine
66
98
36
144
212
79
30
45
17
2,810
4,134
1,526
9,347
13,726
5,090
10
15
5
45
Kenoaha
18
22
14
26
31
20
5
52
4
355
428
278
1,936
2,333
1,522
1
1
1
46
Lake
(111.)
129
200
S7
296
462
131
63
99
29
5,940
9,289
2,612
18,812
29,374
8,318
21
33
9
47
Cook
40
64
16
93
149
37
20
32
8
1,888
3,021
755
5,915
9,464
2,366
7
11
3
48
Lake
(Ind.)
6
9
4
8
12
6
1
2
1
108
162
81
626
939
469
K
1
K
49
Porter
73
100
56
101
137
77
18
25
14
1,335
1,819
1,021
7,710
10,505
5,894
5
6
3
50
La
Porte
11
14
9
15
20
13
3
4
2
201
259
166
1,161
1,495
958
1
1
1
Total
PSA
2.2
831
1,113
582
1,778
2,378
1,245
369
541
260
38,361
1,369
26,629
110,714
148,036
77,672
115
153
80
21
Betrien
116
163
30
159
225
42
29
41
8
2,111
2,980
556
12,189
17,209
3,211
1;,
10
2
22
Van
Buren
52
111
9
71
153
12
13
28
2
941
2,027
156
5,432
11,701
899
3
7
1
23
Allegan
172
274
89
236
377
122
43
68
22
3,138
4,998
1,623
18,116
28,857
9,369
11
17
624
Ottawa
100
215
17
138
296
23
25
54
4
1,825
3,932
304
10,538
22,702
1,755
6
13
1Total
PSA
2.3
440
763
145
604
1,051
199
110
191
36
8,015
13,937
2,639
46,275
80,469
15,234
27
47
10
25
Muskegon
79
184
26
Oceana
98
236
27
Mason
72
199
28
Maniatee
71
137
29
Benzle
76
172
30
Leelanau
323
759
31
Grand
Traverse
46
80
32
Antrll
3
6
33
Charlevolx
3
14
1
34
Emmet
33
55
47
78
21
9
l7
Mackinac
(part)
32
64
44
89
14
8
16
1
6
1
108
254
11
20
46
182
443
10
37
90
99
273
K
18
50
112
209
40
21
40
104
237
6
19
43
490
1,217
100
93
235
65
115
1
12
21
5
8
K
1
1
4
19
K
1,439
3,366
140
8,308
19,437
808
5
3,221
7,864
139
12,399
30,114
802
11
1,315
3,626
4
7,594
20,937
21
5
1,734
3,116
708
8,088
15,361
2,734
6
1,380
3,141
75
7,967
18,134
433
5
7,241
19,093
1,445
36,157
87,637
7,414
25
987
1,798
37
4,768
8,391
81
3
60
112
4
346
644
23
K
K
2
2
K
9
K
3
Q
Q
M
N
Q
"
N
-
(
O
M
M
X
N
m
e
M
.
4
v
-
l
N
N
M
Q
H
O
‘
M
M
M
Q
M
M
N
x
O
51
254
2
291
1,447
13
650
1,081
300
3,514
5,924
1,573
584
1,176
183
3,372
6,792
1,059
76
120
32
438
691
187
2,489
3,786
1,603
7,800
11,863
5,022
49
88
18
284
511
102
21,276
48,621
4,690
101,326
227,883
20,272
7
H
Z
K
Q
O
N
,
I
-
4
v
-
i
18
Schoolctaft
4
6
6
9
3
19
Delta
53
80
34
123
187
79
2
20
Menominee
3
5
1
4
7
1
Total
PSA
2.4
896
1,997
171
1,393
3,145
286
267
602
d
-
‘
M
‘
D
X
W
H
D
Q
.
—
Nc
.
—
I
n
x - Less Than 0.5 (103 kg/yr)
 
  
TABLE
19
(continued)
CHEMICAL LOADING FROM U.S. SHORELINE EROSION (103 kg/yr)
Lake Huron
County or
Total
Extractable
Total Kjeldahl
Total
Extrarrnhle
Total
PSA
Phosphorus
Phosphorus
Nitrogen
Magnesium
‘
Magneslum
Iron
#
Name
Avg.
Max.
Min.
Avg.
Max.
Min.
Avg,
Max.
Min.
Avg,
Max.
Min.
Avg.
Max.
Min.
Agg.
Max.
Min.
  
l6
Chippewa
1
17 Mackinac (part)
3
31
63
6
51
Cheboygan
9
17
5
7
10
19
15
25
9
38
15
43
14
29
25
37
3
0
149
314
506
1,018
152
306
98
200
5
2
628
1,264
6
231
472
5
2
309
630
6
360
719
0
152
305
0
480
959
0
52
Presque Isle
221
914
0
94
387
0
295
1,220
0
53
Alpena
0
0
54
Alcona
8
18
88
55
Ioaco
15
22
56
Arenac
14
29
Total PSA 3.1
77
166
281
791
96
270
358
1,007
0
344
712
146
302
37
458
949
118
617
909
361
262
385
153
824
1,213
482
563
1,130
54
197
395
23
719
1,445
72
3,123
6,665
513
1.197
2,551
217
4,07]
8,687
684
—
1
O
\
D
Q
M
Q
M
M
€
N
®
Q
M
M
O
O
c
q
u
-
q
c
u
¥
¥
O
O
O
H
<
H
®
«
a
M
M
O
C
O
N
O
‘
H
:
ON
57 Bay
7
14
58
Tuscola
2
3
59
Huron
25
71
60
Sanilac
178
334
10
61
St. Clair
6
12
Total PSA 3.2
218
434
102
6
15
31
277
555
11
94
188
4
352
705
15
66
132
0
28
56
0
88
176
0
980
2,698
90
322
852
38
1,237
3,381
121
427
803
23
6,655
12,471
3,745
1,907
3.554
1,080
8,192
15,337
4,615
10
21
231
514
15
98
218
6
309
686
20
135
31
511
1,020
244
8,209
16,370
3,861
2,449
4,868
1,128
10,178
20,285
4,771
160
3
x
c
N
c
u
7
0
h
t
<
3
~
3
c
h
—
4
\
0
v
1
5
‘
<
3
r
d
C
D
a
:
c
o
o
c
u
a
n
r
s
—
¢
G
\
~
3
«
s
o
\
u
s
K - Less than 0.5 (103 kg/yr)
 TABLE 19 (continued)
CHEMICAL LOADING FROM U.S. SHORELINE EROSION (103 kg/yr)
Lake
Huron
Extractable
Total
Extractable
Total
Total
Total
11’0"
W
W
1
_
Aluminum
- 1.93.15.11.12 ..__ __
Lead
A
Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. Min.
Avgt Max; Min. Avg, Max.
Min.
County or
P
S
A
 
   
16 Chippewa
17 Mackinac
51 Cheboygan
52 Presque Isle
S3 Alpena
54 Alcona
55 Ioaco
56 Arenac
Total PSA 3.1
287 576
2
961 1,933
9
82 167 l 472 964 10
127 254
O
734 1,467
O
78 323
0
451 1,866
0
392 0
548 1,540 0
121 252 31
701 1,453 180
218 321 128 1.260 1,856 737
270 542
19
1,101 2,211 110
1,322 2,827 181 6,228 13,290 1,046
NN
w
M
M
O
C
C
N
N
H
O
N
v
-
l
N
Q
N
Q
Q
B
S
U
‘
Q
X
M
C
C
O
X
M
M
M
N
H
H
—
(
v
—
d
-
d
v
—
l
N
O
H
x
x
x
x
x
—
m
—
‘
m
0
‘
mH
x
x
G
C
O
M
N
M
N
e
c
u
m
q
m
m
c
o
m
M
H
N
H
N
N
M
M
R
v
—
i
(
'
3
H
nHM
c
a
0
-
!
V
D
D
Mh
r
-
l
—
|
I
n
57 Bay
4 9
58 Tuscola
1
3
59 Huron
15
39
60 Sanilac
86 160
61 St. Clair (part)
4 10
Total PSA 3.2
110 221
139 277 4 539 1,078 23
23 47
0
135 270 0
1,457 32 1,893 5,172 184
3,930 7,399 2,200 12,530 23,460 7,059
82 182 5
472 1,050 31
4,680 9,362 2,241 15,569 31,030 7,297
F
-
l
N
M
Q
197 369 11
x
c
x
c
o
x
e
o
—
I
u
-
l
u
'
\
\
D
—
I
\
7
N
x
x
N
Q
M
—
cOm
M
O
M
¢
x
§
V
D
—
x
e
n
o
n
:
wN
c
o
m
M
O
m
e
—
o
NO
‘
[
x
‘
D
N
I
-
‘
H
\
7
I
n
I
n
241
481
113
m
\
D
v
-
i
N
—
.
O-
-
t
7
1
K - Less than 0.5 (103 kg/yt)
  
    
TABLE
19 (
conti
nued)
CHEMI
CAL L
OADIN
G FRO
M U.S
. SH
ORELI
NE ER
OSION
(103
kg/yr
)
Lake
Erie
Cou
nty
or
Ext
rac
tab
le
Tot
al
Ext
rac
tab
le
Tot
al
Tot
al
Tot
al
PSA
Iro
n
Man
ggn
ese
__
Man
gan
ese
Alu
min
um
Cal
ciu
m
V L
ead
Avg.
Max.
Min.
Avg.
Max.
Min.
Avg.
Max.
Min
i.
Avg
.
hmx.
Min
.
Avg,
Max.
Min.
“jg
gk
_Ma
x.
Min.
 
  
22
45
0
2
4
0
1
2
0
36
63
13
61
114
13
61
St.
Cla
ir
(pa
rt)
11
22
62
Ha
co
mb
1
2
63
Wa
yn
e
1
1
64
Mon
roe
18
32
To
ta
l
PS
A
4.
1
31
57
530
1,06
0
0
1,33
0
2,66
0
0
71
143
0
100
200
0
39
79
0
55
110
0
1,23
7 2
,137
432
1,72
9
2,98
5
603
1,87
7
3,41
9
432
3,21
4
5,95
5
603
H
x
x
H
-
N
O
O
O
N
N
m
H
g
N
N
m
e
N
N
@
0
0
0
0
M
N
.
4
65
Luc
as
35
69
17
70
138
35
14
26
66
Ott
awa
31
64
5
66
138
11
13
28
67
San
dus
ky
7
18
4
14
36
8
3
7
68
Eri
e
(0h
.)
40
75
18
89
167
40
18
35
Tot
al
PSA
4.2
113
226
44
239
479
94
48
96
1
2,38
2 4
,664
1,17
5
3,32
8
6,51
6
1,64
2
1,86
8
3,82
9
310
3,55
6
7,48
5
558
482
1,21
7
264
674
1,70
1
369
2,1
64
4,1
04
1,0
19
5,2
06
9,7
13
2,3
07
6,89
6 1
3,81
4 2,
768
12,7
64
25,4
15
4,87
6
1
n
u
—
d
M
N
Q
L
a
m
—
1
6
(
“
M
I
-
O
W
N
N
N
v
—
d
m
w
(
“
‘
1
u
—
I
N
69
Lor
ain
25
43
11
59
100
25
13
21
1,1
91
2,0
21
505
3,7
32
6,3
31
1,5
83
4
70
Cuy
aho
gen
47
86
18
95
173
35
18
33
3,2
13
5,3
56
1,1
91
4,4
95
8,1
81
1,6
63
4
7
71
Lak
e
(0h
.)
93
169
34
194
354
72
4o
73
15
4,2
30
7,7
90
1,5
34
10,
236
21,
393
4,4
50
12
22
72
Ash
tab
ula
46
84
17
91
165
34
19
34
7
1,6
57
3,0
17
613
6,0
80
11,
066
2,2
50
6
11
Tot
al
253
4.3
211
332
30
439
792
166
90
161
34
10,
346
18,
684
3,8
93
24,
543
47,
471
9,9
46
26
47
7
\
L
A
N
N
—
Q
N
G
‘
\l
N
73
Eri
e
(Pe
nn.
)
154
280
57
261
475
97
51
94
19
4,3
02
7,8
29
1,5
92
18,
402
33,
492
6,8
09
15
27
74
Cha
uta
uqu
a
62
112
23
145
263
53
31
56
11
2,9
22
5,3
19
1,0
81
9,1
56
16,
663
3,3
88
10
19
75
Eri
e
(NY
)
17
32
6
40
74
15
9
16
3
817
1,4
87
302
2,5
60
4,6
60
947
3
5
Tot
al
PSA
4.4
233
424
86
446
812
165
91
166
33
8,0
41
14,
635
2,9
75
30,
118
54,
815
11,
144
28
51
1
\
C
Q
r
—
‘
v
—
d
K -
Les
s t
han
0.5
(10
3 k
g/y
r)
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TAB
LE
19
(co
nti
nue
d)
CHEMI
CAL
LOADI
NG FR
OM U.
S. S
HOREL
INE E
ROSIO
N (1
03 kg
/yr)
La
ke
Er
ie
Cou
nty
or
Tot
al
Ext
rac
tab
le
Tot
al
Kje
lda
hl
Tot
al
Ext
rac
tab
le
Tot
al
PSA
Pho
sph
oru
s
Pho
sph
oru
s
Nit
rog
en
Mag
nes
ium
Mag
nes
ium
Iro
n
9
Nam
e
Avg
.
Max
.
Min
.
Avg
,
Max
.
Min
.
Avg
.
Max
.
Min
.
Avg
.
Max
.
Min
.
Avg
.
Max
.
Min
.
Avg
.
Max
.
115
1;,
61
St.
Cla
ir
(pa
rt)
19
38
62
Mac
omb
2
3
63
Hay
ne
1
2
64
Mon
roe
27
47
Tot
al
PSA
4.1
49
90
9
O
36
72
742
1,4
85
214
427
1
0
1
3
66
131
16
32
1
1
0
1
1
36
72
9
18
2
8
1,1
36
1,9
62
396
275
475
3
8
1,9
80
3,6
50
396
514
952
1,0
72
2,1
44
0
12
5
25
1
0
13
8
0.
2,1
71
3,7
50
758
3,4
37
6,2
83
758
0
0
0
22
38
60
114
0
‘
\
C
0
0
0
0
0
0
0
‘
0
0
0
m
m
C
O
O
O
O
v
—
i
v
—
1
65
Luc
as
53
103
26
43
85
21
42
82
21
2,1
87
4,2
83
1,0
79
530
1,0
37
261
4,1
80
8,1
86
2,0
63
66
Ott
awa
54
113
8
31
63
5
82
179
12
2,1
25
4,4
40
338
550
1,1
56
87
3,4
38
7,0
81
565
67
San
dua
ky
11
27
6
9
22
5
8
21
5
443
1,1
18
242
107
271
59
846
2,1
37
463
68
Eri
e (
0h.
)
76
143
34
33
63
16
152
280
64
2,9
31
5,4
90
1,3
18
792
1,4
80
353
4,1
67
7,8
74
1,9
38
Tot
al
PSA
4.2
194
386
74
116
233
47
284
562
102
7,6
86
15,
331
2,9
77
1,9
79
3,9
44
760
12,
631
25,
278
5.0
29
69
Lor
ain
53
90
23
15
26
7
129
219
55
1,9
88
3,3
73
843
560
950
237
2,4
40
4,1
39
1,0
35
70
Cuy
aho
ga
71
130
26
58
106
22
57
103
21
2,9
55
5,3
78
1,0
93
715
1,3
02
265
5,6
47
10,
277
2,0
89
71
Lak
e (
0h.
)
170
310
63
69
125
25
351
639
130
6,5
52
11,
925
2,4
24
1,9
24
3,5
01
574
8,9
31
16,
255
3,3
05
72
Ash
tab
ula
82
150
30
29
52
11
182
332
67
3,1
56
5,7
44
1,1
68
1,0
24
1,8
63
379
3,9
75
7,2
34
1,4
71
Tot
al
PSA
4.3
376
680
142
171
309
65
719
1,2
93
273
14,
651
26,
420
5,5
28
4,2
23
7,6
16
1,4
55
20,
993
37,
905
7,9
00
73
Eri
e (
Pen
n.)
237
431
88
95
174
35
481
876
178
9,3
43
17,
003
3,4
57
3,3
81
6,1
53
1,2
51
12,
029
21,
893
4,4
51
74
Cha
uta
uga
n
131
238
48
38
69
14
317
576
117
4,8
77
8,8
77
1,8
05
1,3
73
2,5
00
508
5,9
86
10,
894
2,2
15
75
Eri
e (
NY)
37
67
14
11
19
4
89
161
33
1,3
64
2,4
82
505
384
699
142
1,6
74
3,0
46
619
Tot
al
PSA
4.4
405
736
150
144
262
53
887
1,6
13
328
15,
584
28,
362
5,7
67
5,1
38
9,3
52
1,9
01
19,
689
35,
833
7,2
85
K - Less than 0.5 (103 kg/yt)
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TAB
LE
19
(co
nti
nue
d)
CHE
MIC
AL
LOA
DIN
G F
ROM
U.S
. S
HOR
ELI
NE
ERO
SIO
N (
103
kg/
yr)
Lak
e O
nta
rio
County o
r
Total
Extracta
ble
Total Kj
eldahl
Total
Extracta
ble
Total
PSA
Phosphor
us
Phosphor
us
Nitrogen
Magnesiu
m
Magnesiu
m
Iron
I N
ame
Avg, M
ax. Min.
Avg, M
ax. Min.
AYE) Ma
x. Min
. Avg
} Max.
Min.
AY&;_“>
Max.
Min.
A_v&._”~ M
ax. Mi
n.
 
75 E
rie NY
(part)
0
76
Niagr
a
78
140
31
22
40
77 Orl
eans
16 2
9 6
5 8
78 M
onroe
78
141
31
23
41
Total
PSA 5
.1
172
310
68
50
89
188 3
38 75
2,895
5,212 1
,158
815 1,
467 3
26 3,
553 6,
396 1,4
21
39 7
1 16
605 1,
089 2
42
170
307
68
743 1,
337 2
97
189
341
76
2,914
5,245
1,166
820
1,477
328
3,576
6,437
1,430
416
750
167
6,414
11,546
2,566
1,805
3,251
722
7,872
14,170
3,148
O
N
O
N
O
(
*
3
79 Way
ne
104 1
91 41
30 5
5 12
253 4
63 99
3,894
7,136 1
,528
1,096
2,009
430 4
,778 8
,758 1,
875
80 Cuy
uga
37 6
9 14
11 2
0 4
88 16
7 33
1,362
2,577
515
384
726 1
45 1,
672 3,
163 6
33
81 O
swego
67
119
25
24
43
9 1
45
260
54
2,573
4,607
953
857
1,529
315
3,258
5,828
1,205
Total
PSA 5.
2
208
379
80
65
118
25
486
890
186
7,829
14,320
2,996
2,337
4,264
890
9,708
17,749
3,713
82 J
effers
on
101
183
39
65
119
26
134
240
50
4,051
7,352
1,586
1,033
1,872
402
6,891
12,558
2,732
83 S
t. Law
rence
57
113
0
17
33
0 1
37
273
0 2
,112
4,225
0
599
1,197
0 2
,595
5,190
0
Total
PSA 5.
3
158
296
39
82
152
26
271
513
50
6,163
11,577
1,586
1,632
3,069
402
9,486
17,748
2,732
K -Less than 0.5
(103 kg/Yr)
 
  
TAB
LE
19
(co
nti
nue
d)<
CHE
MIC
AL
LOA
DIN
G
FRO
M U
.s.
SHO
REL
INE
ERO
SIO
N
(10
3
kg/
yr)
Lak
e O
nta
rio
Cou
nty
or
Ext
rac
tab
le
Tot
al
Ext
rac
tab
le
Tot
al
Tot
al
Tot
al
PSA
Iro
n
Mag
gan
ese
Man
gan
ese
Alu
min
um
Cal
ciu
m
Lea
d
Avg.
Max.
n13.
Avg.
Max.
M15.
Avg.
Max.
Min.
Avg.
Max.
Min.
Ayg,
Max.
Min.
Avg,
Max.
Min.
75
Eri
e N
Y
(Pa
rt)
0
76
Nia
gra
37
66
15
86
154
34
18
33
7
1,7
35
3,1
23
694
5,4
35
9,7
83
2,1
74
77
Orl
ean
s
8
14
3
18
32
7
4
7
2
363
653
145
1,1
36
2,0
45
454
78
Mon
roe
37
67
15
86
155
35
19
33
7
1,7
46
3,1
43
698
5,4
70
9,8
46
2,1
88
Tot
al
PSA
5.1
82
147
33
190
341
76
41
73
16
3,8
44
6,9
19
1,5
37
12,
041
21,
674
4,8
16
1
1
1
2
11
24
N
—
N
m
\
D
—
d
c
m
79
Way
ne
49
91
19
115
212
45
25
45
10
2,3
33
4,2
76
915
7,3
09
13,
396
2,8
67
80
Cay
uga
17
33
7
40
76
15
9
16
3
816
1,5
44
309
2,5
57
4,8
38
968
81
Osw
ego
34
69
14
73
132
27
15
27
6
1,3
15
2,3
59
491
4,9
83
8,9
16
1,8
43
Tot
al
PSA
5.2
105
193
40
228
420
87
49
88
19
4,4
94
8,1
79
1,7
15
14,
849
27,
150
5,6
78
1
M
—
N
O
a
)
c
o
m
m
a
82
Jef
fer
son
61
111
24
127
231
50
25
46
10
3,7
96
6,9
25
1,5
10
6,6
10
11,
970
2,5
70
83
St.
Law
ren
ce
12
25
0
17
34
0
3
6
0
224
448
0
1,2
95
2,5
89
0
Tot
al
PSA
5.3
73
136
24
144
265
50
28
52
10
4,0
20
7,3
73
1,5
10
7,9
05
14,
559
2,5
70
11
N
C
N
N
o
~
n
13
7
5
To
Con
ver
t
fro
m
To
‘wM
glp
lgl
x
b1
ki
lo
gr
am
s
(kg
)
po
un
ds
(1b
)
2.
20
24
6
   
K
- L
ess
tha
n
0.5
(10
3
kg/
yr)
 TABLE 20 3
CHEMICAL LOADING
FROM U.S. SHORELI
NE EROSION (10 k
g/yr)
U.S. GREA
T LAKES B
ASIN
 
Total
Extractable
Total Kjeldahl
Total
Lake
Phosehorus
_" Phosghorus
Nitrogen
Magnesium
Name Avg.
Max. Min.
Avg. Max. Min.
AvgU Max. Min.
Avg. Max. Min
.
§
superior 3,781 6,087 1,569 2,057 3,380 890 6,188 9,846 2,451 149,109 240,671 62,126
Michigan 3
,711 6,369 1,692
1,528 2,672 6
56 7,474 12,6
55 3,548 145,857
251,538 65,421
Huron
295 600
114
103 209
37
660 1,33
4 265
11,332 23
,035 4,
374
Erie
1,024 1,8
92 37
6
464 865
173
1,950 3,
582 7
11 39,90
1 73,763
14,668
Ontario
538 985
187
197 359
71 1.
173 2,15
3 403
20,406 3
7,443 7,
148
Total u,s. shoreline 9,349 15,933 3,938 4,349 7,485 1,827 17,445 29,489 7,378 366,605 626,450 153,737
H
6
1
q
u
Lake
Extractable
Total
Extractable
Total
Magnesium
Iron _
_
Iron
Manganese
Name
Avg, M
ax. Min
.
Avg. Max
. Min.
Avg. Max
. Min.
Avg, Max
. Min.
    
7
6
v
-
(
N
M
Q
I
A
Superior 40,2
43 64,983 16,590
233,150 379,467 107
,176 2,192
3,608 918
4,573 7,391 1,9
13
Michigan
50,299
88,959
20,836
192,126
331,101
86,056
2,333
4,107
972
4,143
7,092
1,897
Huron
3,646
7,419
1,345
14,249
28,972
5,455
164
338
61
327
664
126
Erie
11,854
21,814
4,212
56,750
105,299
20,972
588
1,089
216
1,185
2,197
438
Ontario
5,774
10,584
2,014
27,066
49,667
9,593
260
476
97
562
1,026
213
Total 0.3, shoreline 111,866 993,809 44,997 523,341 894,506 229,252 5,537 9,618 2,264 10,790 18,370 4,587
Lake
Extracta
ble
Total
Total
TotaI
Manganes
e
Aluminum
Calcium
Lead
#
Name
Avg.
Max.
Min.
Avg,
Max.
Min.
AYEL,
Max.
Min.
Avg.
Max.
Min.
superior
924 1,486 384
122,659 204,951 5
2,725 255,583 41
1,073 105,253
245 391 100
Michigan
830 1
,444
388
75,096
124,541
37,362
281,740
489,247
123,853
240
402
116
Huron
68
134
26
6,002
12,189
2,422
21,797
44,320
8,343
19
44
8
Erie
241
445
87
27,160
50,552
10,068
70,639
133,65
6 2
6,569
68
126
24
Ontario
118
213
45
12,358
22,471
4,762
34,795
63,383
13,064
36
65
13
Total U.S. Shoreline
2,181 3,722 9
30 243,275 4
14,704 107,339
664,554 1,144,679 277
,082 608 1
,028 261
H
N
M
Q
W
 
To Conve
rt from
To
Multiglx
bx
kilogr
ams (k
g)
pounds
(lb)
2.2024
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DISCUSSION OF SHORELINE
LOADINGS
ACCURACY OF ESTIMATES
 
Erosion rates were obtained on a reach by reach basis either from the Sub—
activity 1-1 work of Armstrong gt El. (1976), in which erosion of a reach was
derived from actual recession "measurements" (field measurements or aerial photo
interpretation), or from "estimates" made in this study (Subactivity 1—2) for
those reaches with no "measured" recession data. As discussed in detail pre—
viously, estimates made in this study were based on extrapolation of information
from those reaches with reliable recession data available as reported in Armstrong
e£_al. (1976). However, even "measured" recession data as reported in Armstrong
g£_al, (1976) can be obtained from an extrapolation technique, such as when
field recession information from one or more profiles within a reach is extra—
polated over the whole reach. Thus, while both "measured" recession information
and "estimated" information are subject to considerable error and are at best
only first approximations, it is felt that erosion values based on actual "mea-
surements" are inherently more reliable than extrapolation of information from
one reach to another. It was determined that approximately 44 percent of the
erodible U.S. shoreline had "measured" recession information available. This
same portion of shoreline, however, contributed 66 percent of the total volume
eroded from the U.S. shoreline. In other words, most shoreline erosion studies
have centered on highly erodible areas. As a result, in spite of the overall low
availability of "measured" recession rate information, only 34 percent of the
total computed volumetric contribution from the U.S. Great Lakes shoreline is
based on "estimated" recession rates.
Chemical loading data must also be considered as only a first approxi-
mation or order of magnitude estimate. Trying to predict chemical loading over
the whole Great Lakes Basin from the analysis of only a few soil samples is im—
possible to do with any degree of accuracy. However, the attempt here has been
to provide an order of magnitude estimate to determine whether shoreline erosion
is a potentially significant source of pollution. It is important to realize
that the chemical loadings given in this report should not be taken as absolute
values. They can be compared with other sources of pollution to see if indeed
shoreline erosion can be a significant land—derived source of pollution to the
Great Lakes.
Improving the statistical reliability of loading measurements by greatly ‘
increasing the sampling program would require a tremendously expensive program. 3
Thus, the method from which chemical loadings are estimated (from a few data
points) is probably more statistically efficient at making a first order estimate
of the significanCe of shoreline erosion. In fact, it probably would have been
possible,and maybe just as logical to estimate chemical loading from known general
 chemical characteristics of soil obtained from the literature. However, the use
of the EPA soil samples does enable comparison of actual shoreline data to the
values found in the literature.
Every attempt has been made in this report to clearly show the procedures used
in estimating both erosion and chemical loadings and to point out theassumptions
made. For example, in presenting erosion volumes for different areas of the
Great Lakes shoreline, an attempt was made to show the percent of the calculated
value derived from "measured" recession data and the percent derived from "esti-
mated" recession data. Similarly, an evaluation of the reliability of the "esti—
mated" data was made. It is hoped that this report will stimulate a further re-
finement of the loadings from shoreline erosion as well as a refinement of the
understanding of the effect of this erosion.
REGIONAL
EVALUATION
OF
SHORELINE
EROSION
The
following
discussion
will
present
a
description
of
the
available
data
and
an
evaluation
of
its
application.
For
the
purposes
of
this
report
all
non-
erodible
areas
(as
designated
by
the
U.S.
Army
Corps
of
Engineers)
were
considered
to
have
an
erosion
rate
of
zero.
Also,
for
convenience
in
discussing
the
results,
average
erosion
values
will
be
primarily
used.
Lake Superior
The
western
arm
of
Lake
Superior
(PSA_1.1)
has
a
great
deal
of
recession
information
available,
particularly
for
the
red
clay
area
found
in
Douglas
and
Bayfield
Counties.
Not
only
do
these
counties
contribute
a
heavy
sediment
load
to
the
lake
but
because
of
the
clayey
soil
they
contribute
a
large
chemical
load.
All
of
Douglas
county
and
half
of
Bayfield
have
"measured"
recession
rate
in-
formation
available
(See
Table
17
).
Cook
and
Lake
Counties
are
comprised
of
nonerodible
material,
as
defined
by
the
U.S.
Army
Corps
of
Engineers,
and
thus
assumed
to
have
an
erosion
rate
of
zero.
Although
only
39
percent
of
the
erosion
input
from
planning
subarea
1.1
was
derived
from
reaches
having
"estimated"
recession
rates,
those
reaches
are
not
similar
to
other
reaches
with
existing
information.
As
a
result,
the
estimates
are considered to be poor.
Planning
Subarea
1.2
has
very
little
"measured"
recession
information
available.
However,
because
of
the
uniformity
in
the
soil
type
and
the
distribution
of
the
available
data,the
estimates
derived
for
those
reaches
lacking
information
were
considered
to
be
a
fair
representation
of
the
actual
situation.
All
the
counties
in
this
planning
subarea
contribute
a
fairly
uniform
amount
of
sediment
to
Lake
Superior.
The
total
U.S.
Lake
Superior
shoreline
contributes
an
average
of
4.3
x
106
cubic
meters
of
material
every
year
(Table
18).
Of
this
value
58
percent
was
vobtained
by
using
"estimated"
recession
rates
and
these
estimates
were
judged
to
be
a
fair
representation
of
the
actual
situation.
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 Lake Michigan
In
Planning
Subarea
2.1
four
of
the
seven
counties
have
no
recession
rate
information
available
at
all.
However,
as
can
be
seen
in
Table
17
,
these
four
counties
contributed
only
about
7
percent
of
the
total
volume
eroded
from
PSA
2.1.
The
remaining
3
counties
(Kewaunee,
Manitowoc,
and
Sheboygan)
contribute
about
93
percent
of
the
total
volume
of
eroded
material
for
the
PSA.
These
3
counties
also
have
the
majority
of
"measured"
recession
rate
information.
Planning
Subarea
2.2
contributes
over
2
x
106
cubic
meters
of
sediment
each
year
to
Lake
Michigan.
Of
this
volume,
31
percent
was
"estimated".
Major
data
gaps
include
Cook
County,
Illinois,
Lake
County,
Indiana,
and
LaPorte
Co.,
Indiana.
The
"estimated"
erosion
rate
is
considered
to
be
fair
representation
of
the
acnual
situation.
Planning
Subarea
2.3
has
one
of
the
shortest
shorelines
in
the
U.S.
Great
Lakes
Basin,
however
it
contributes
one
of
the
largest
sediment
loads.
This
four
county
reach
is
very
well
documented
with
96
percent
of
the
eroded
volume
derived
from
"measured"
recession
rates.
The
"estimated"
erosion
for
the
remaining
four
percent
was
judged
to
yield
a
good
approximation
of
actual
conditions.
Planning
Subarea
2.4
has
the
longest
shoreline
of
any
PSA
in
the
U.S.
Great
Lakes
Basin.
The
southern
six
counties
(up
to
and
including
Leweenaw
County)
are
very
similiar
to
those
found
in
PSA
2.3.
A
great
deal
of
recession
information
exists
for
these
counties.
The
northern
portion
of
this
planning
subarea
has
scattered
recession
rate
information.
However,
because
of
the
low
bluff
heights,
a
much
smaller
volume
of
material
is
contributed
by
shoreline
erosion
from
these
counties.
0f
the
volume
eroding
from
this
PSA,
71
percent
was
derived
from
"measured"
recession
rates.
The
remaining
volume
estimate
was
based
on
what
was
considered
to
be
a
poor
information
base.
Only
23
percent
of
the
8,376
x
103
cubic
meters
eroded
each
year
into
Lake
Michigan
was
derived
from
"estimated"
recession
information.
The
overall
relia-
bility
of
the
"estimated"recession
rates
and,
therefore,
erosion
rates
was
consi-
dered to be only fair.
Lake Huron
Only
18
percent
of
the
eroded
material
entering
Lake
Huron
from
PSA
3.1
(which
includes
the
St.
Marys
River)
was
derived
from
"measured"
recession
rates.
The
remaining
82
percent
of
the
volume
was
based
on
"estimated"
recession.
However,
the
reliability
of
the
"estimated"
erosion
volume
was
considered
to
be
fair.
Over
half
of
the
volume
computed
for
PSA
3.2
was
derived
from
judged
"measured"
recession
rates,
but
the
"estimated"
rates
Were
judged
overall
to
be
poor
since
the
reaches
w
i
t
h
o
u
t
d
a
t
a
w
e
r
e
n
o
t
at
a
l
l
s
i
m
i
l
a
r
to
r
e
a
c
h
e
s
w
i
t
h
d
a
t
a
.
In
summary,
62
percent
of
the
518,000
m3
eroded
from
the
U.S.
Lake
Huron
shoreline
was
derived
from
"estimated"
erosion
information.
The
overall
relia-
bility
of
the
"estimated"
erosion
volumes
was
considered
to
be
fair.
79
wm
w
m
a
Lake Erie
For the purposes of this report the Lake Erie Shoreline includes the St.
Clair River, Lake St. Clair, and the Detroit River as well as a 57 kilometer
portion of Sandusky Bay. Carter (1975) computed a total sediment load to Lake
Erie from the U.S. shoreline. From his report covering recession along the
Ohio, PA., and N.Y. sections of Lake Erie, an average recession and erosion
rate was derived. This information was summarized in Armstrong et a1. (1976).
As was previously discussed the maximum and minimum erosion likely to occur along
Lake Erie was mathematically generated from this average rate based on trends
found for the other Lakes.
Carter (1975) only included a small portion of PSA 4.1 shoreline in his
report. As a result 53 percent of the volumetric contribution of this PSA was
derived from "estimated" erosion values. PSA 4.2 includes Sandusky Bay, Ohio.
Because of studies on the Bay itself and the surrounding shoreline, the rela-
tively small volume contributed by this PSA that was based on "estimated"
recession rates is considered to have good reliability. All of PSA 4.3 is
covered by "measured" recession information.
The sediment load value derived by Carter (1975) for PSA 4.4 appears to be
low. When examining his estimated recession rates and considering the available
bluff height information (Armstrong gt al., 1976) in the area, his total volumetric
input is leSs then would be expected. Of PartiGUIar importance is Erie County, Penn‘
sylvania, which has many high erodible bluffs above 20 meters in elevation.
Carter (1976) describes the recession in this area as very slow(0 to lft/yr) to
slow (1 to 3ft/yr). Even with these low rates large volumes are eroded (see
Table 17 ).
Lake Erie has more information available on its erodible shoreline than any
other Lake. Ninety five percent of the volumetric contribution to Lake Erie from
shoreline erosion was derived from “measured” values. These measured values were
based almost exclusively on the work of Carter (1975). Much of the 5 percent
that was "estimated" came from the Michigan portion of Lake Erie and was considered
to have good reliability.
Lake Ontario
Lake Ontario includes the Niagara River which is classified nonerodible.
Oswego County is the only Countyon this Lake that has recession rate information
available. Located in PSA 5.2, this recession information was extrapolated over
the remaining U.S. shoreline of Lake Ontario and the St. Lawrence River to the
New York - Canadian boundary. If it can be assumed that the Oswego County
recession rates are representative of the entire Lake, then an erosion volume
can be calculated. However, 79 percent of the eroded material determined in
this way is based on "estimated" recession information. The erosion volumes de—
rived by this procedure are considered to have poor reliability because of the
lack of supporting information.
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 HIGH LOADING AREAS
Sediment
loads
from
shoreline
erosion
vary widely
over
the U.S.
Great
Lakes
shoreline.
The
controlling
physical
feature
appears
to be
the
height
of
the
erodible
bluff.
An
area
can
have
a very
high recession rate
but
if
it
has
a
low bluff it will contribute a relatively minor amount of material to the lake.
0n the otherhand,
a section of shoreline that has a very high bluff and a low
recession rate can contribute large amounts of material to the lake system.
Table 21
ranks the counties that contribute the largest amounts of material
from
the
U.S.
Great
Lakes shoreline.
These
counties are
all
characterized
by
very high unstable bluffs.
Figures 5 through 9 illustrate graphically how the
volumetric contributions vary by county throughout
the U.S. Great Lakes shore—
line.
The values indicated on these figures are total shoreline material loadings
for each county.
These figures were derived from Table 17
.
As can be seen in Figure 5 the most significant loads to Lake Superior are from
Douglas,
Bayfield,
Gogebic, and Barga Counties and to a lesser extent Marquette
and Keweenaw Counties which also have high loadings.
Because of the prevalent
high unstable bluffs occuring along the eastern shore of Lake Michigan, large
volumes of material are also eroded from this area each year (See Figure 6 ).
Relatively small amounts of material are eroded each year into Lake Huron from the
U.S. shore.
Sanilac County at the extreme south end of Lake Huron contributes
the largest amount (Figure 7 ).
Erie County, Pennsylvania and Lake County,
Ohio, provide the most significant total load to Lake Erie (See Figure 8
).
Because of the unstable bluffs and prevailing wind in an easterly direction, the
eastern shore of Lake Ontario is thought to be a major source of solids to the
Lake (See Figure 9 ).
TABLE 21
SIGNIFICANT VOLUMETRIC CONTRIBUTION BY COUNTY
 
County
103 m3/yr
Lake
Leelanau,
Mich.
1,441
Michigan
Bayfield,
Wis.
1,202
Superior
Allegan, Mich.
827
Michigan
Douglas, Wis.
622
Superior
Erie,
Penn.
602
Erie
Ozaukee,
Wis.
590
Michigan
Berrien, Mich.
556
Michigan
Baraga, Mich. 503 Superior
Ottawa,
Mich.
481
Michigan
Gogebic,
Mich.
458
Superior
Another way to examine erosionis as a rate of material input per kilometer
of shoreline rather than as a total load per county.
Table 22 ranks the most
significant counties, the PSA's and the Lakes according to their erodibility per
gkilometer of shoreline.
The shoreline considered is the total shoreline which
includes the nonerodible as well as erodible shoreline.
By examining this table
a further understanding of the erodibility of various areas along the U.S.
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TABLE
22
AVE
RAG
E E
ROS
ION
PER
KIL
OME
TER
OF
U.S
.
SHO
REL
INE
a (
m3/
yr/
km)
I
K
 
Most Erodible
Counties
Rate
Planning
Sub Areas Rate La
ke
La
ke
Rate
Iron, Wisconsin
Allegan, Michigan
Douglas, Wisconsin
Ozaukee, Wisconsin
Van Buren, Michigan
Ottawa , Michigan
Porter, Indiana
Erie, Pennsylvania
Gogebic, Michigan
Leelanau, Michigan
Benzie, Michigan
30,500
20,171
16,368
13,111
11,
810
11,186
11,000
9,121
8,980
8,787
8,442
  
2.3 12,000
2.2 6,045
4.4 4,381
1.1
4,1
77
2.4
3,185
4.3 3,073
1.2
2,222
5.2
2,108
3.2
917
4.2 906
5.1
791
2.1 780
5.3
372
3.1
308
4.1 224
 
 
Mich
igan
Su
pe
ri
or
Erie
Ont
ari
o
Huron
3,771
2,921
1,897
777
486
cubic
meters
per ye
ar per
kilome
ter (m
a/yr/k
m)
To Con
vert f
rom
To
cubic feet per year per mile (ft3/yr/mi)
Multiply by
56.814
8 Incl
udes a
ll con
nectin
g rive
rs and
non—er
odible
reache
s
   
shoreline can be obtained. Table22 shows that three of the ten most erodible
counties are all located in PSA 2.3. In fact, the rate of erosion from PSA 2.3
is twice that of any other PSA. This erodibility Table reflects not only the
recession rate within an area but theshore type, composition the bluff, bluff
height and the amount of shoreline that is erodible.
SHORE EROSION COMPARED TO OTHER SEDIMENT SOURCES
There are many sources of sediment to the Great Lakes. Some of the more
important sources are agricultural runoff, urban runoff, direct point source inputs
from municipalities and industries, and shoreline erosion. A great deal of work
has been done recently to determine the contribution to the Great Lakes from the
different sources draining into the Great Lakes, as well as various point source
discharges. One of the main objectives of this study was to determine the
importance of shore erosion relative to other sources of pollutants to the Great
Lakes.
Table 23 is a comparison of sediment loads from various sources. As can be
seen from this table, shoreline erosion is a very significant source of sediment
to the Great Lakes- Mildner (1974). in a report compiled for Task A of PLUARG, esti-
mated average annual sediment yield from sheet and gully erosion from agricultural
land for each lake in the U.S. Basin. He also compiled sediment loading data
from urbanized areas in the Basin.
Mildner (1974) estimated that the combined urban and agricultural runoff
from the U.S. portion of the Basin contributes about 4 million metric tons of
sediment to the Great Lakes each year. Significantly, this number is about 10
times smaller than the approximately 40 million metric tons per year entering
the Basin from U.S. shoreline erosion. The tributary loading of sediment for
the entire ULS. Basin is 3.3 times smaller than shoreline erosion even consid—
ering the most conservative shoreline erosion estimate of about 15 million metric
tons per year (as seen in Table 23 ). Since the shoreline is currently in a
time of high recession and erosion rates, the current erosion situation is more
likely closer to the maximum expected erosion load. The maximum loading, over
70 million metric tons per year, is over 16 times greater than the value attribu-
ted to tributaries by Mildner (1974). The following section will discuss the
sediment load sources on a Lake basin level.
Lake Superior
In a report to the International Joint Commission on the status of the upper
Lakes (Upper Lakes Reference Group, 1976), information on direct municipal, direct
industrial, tributary, and atmospheric loadings to these two lakes from both the
U.S. and Canadian side was presented. The most important sources of particulates
to Lake Superior as given in this study are presented in Table 23 . As can be
seen the shoreline erosion process,from the U.S. side only,contributes over 7 times
as much sediment as the tributaries fromboth the Canadian and U.S. drainage areas
to Lake Superior. The joint industrial inputs on the other hand are greater than
those loadings from U.S. shoreline erosion, apparently as a result of the discharge
of taconite tailings into Lake Superior by Reserve Mining Company.
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SEDIMENT LOADS TO THE GREAT LAKES (103 metric tons/year)
 
Source of
Great Lakes Lake Lake Lake Lake Lake
Sediment
Total
Superior Michigan Huron Erie Ontario
Tributariesa
4,316 56 1,310 224e 2,325e 403
U.S.
only
1
9
7
3
Tributariesb
-
— - - 4,000 -
U.S. only
1975
Tributari
esC
—
1,522
- 1
,124e
—
_
U.S. & Canada
1973-1975
Tributariesd
-
— - - 6,460e -
U.S. & Canada
1975
Direct Industriesc
- 12,191 - 38 — —
U.S. & Canada
1973-1975
Shore Erosion Avg. 39:954< 11,279 21,778 1,347 3,965 1,586
“'8' °“1Y
Max.
71,318
18,312
40,076
2,751 7,285
2,894
Min. 14,773 4,573 7,753 442 1,453 551
To Convert From
To
Multiplz bx
Metric Tons
English Short Tons
1.102
  
Mildner, W.F. (1974)
Carter, C.H. (1975)
Upper Lakes Reference Group (1976)
U.S. Army Corps of Engineers (1975)
(
0
.
0
0
'
0
Q
)
Does not include Load from Upstream Lake
(i.e., St. Marys River or Detroit River,
or Niagara River)
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ar
tha
t
ave
rag
e
sho
rel
ine
ero
sio
n
fro
m t
he
U.S
.
sho
rel
ine
der
ive
d
in
thi
s
stu
dy
is
gre
ate
r,
and
in
som
e
cas
es
muc
h
gre
ate
r,
tha
n
the
sed
ime
nt
loa
d
att
rib
ute
d
to
tr
ib
ut
ar
y
ru
no
ff
in
th
e
U.
S.
Ba
si
n.
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s
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ll
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e
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ob
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tu
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y
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se
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ac
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fl
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of
al
ga
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as
we
ll
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a
ge
ne
ra
l
de
te
ri
or
at
io
n
of
th
e
ae
st
he
ti
c
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y
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th
e
wa
te
r.
Ac
cu
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ti
on
of
se
di
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nt
on
th
e
bo
tt
om
of
th
e
la
ke
ca
n
bu
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be
nt
hi
c
or
ga
ni
sm
s
an
d
in
te
rf
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e
wi
th
th
e
gr
ow
th
of
ma
cr
op
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te
s.
Ef
fe
ct
s
of
tu
rb
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y
on
wa
te
r
qu
al
it
y
ha
ve
be
en
st
ud
ie
d
qu
it
e
in
te
ns
iv
el
y
an
d
a
nu
mb
er
of
re
vi
ew
pa
pe
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e
av
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th
e
to
pi
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re
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ra
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e
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e
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e
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 obtains
its
domestic
water
supply
from
Lake
Superior.
Water
obtained
from
this
intake
has
often
been
too
turbid
for
domestic
use.
Sydor
(1975)
found
that
the
water
obtained
through
the
Cloquet
intake
exceeded
the
drinking
water
standards
for
turbidity
53
percent
of
the
time.
Sydor
concluded
that
this
turbidity
was
primarily
due
to
shore
erosion
as
well
as
resuspension
of
bottom
sediments.
Importantly,
resuspension
of
bottom
sediments,
as
well
as
shoreline
erosion,
can
cause
a
considerable
amount
of
turbidity
in
the
Great
LakeS.
Currently,
U.S.
Task
D
of
PLUARG
is
evaluating
the
effect
of
resuspension
at
a
number
of
sites
on
the
U.S.
portion
of
the
Great
Lakes.
Herdendorf
(1976)
in
a
study
undertaken
for
U.S.
Task
D has
found
that
a very
large
amount
of
turbidity
occurs
along
the
U.S.
shore
of
western
Lake
Erie
that
is
not
derived
from
tributary
input.
The
source
of
this
turbidity
appears
to
be
a
combination
of
shore
erosion
and
resuspension of shallow water sediments. Currently, the relative importance of
resuspension and shoreline erosion is not well known, although hopefully new infor-
mation will be generated as part of U.S.
Task D.
To be sure,
both shoreline
erosion and resuspension of bottom sediments contribute heavily to the turbidity
and
suspended particulate
material
found
in Great
Lakes waters.
The Wisconsin shoreline of Lake Superior is subject extensive erosion of red
clay, as discussed previously,
and is responsible for much of the shoreline
erosion loadings to Lake Superior.
According to the Upper Lakes Reference Group
(1976), the average open lake suspended solid concentration is approximately 0.7
mg/l, while waters in the western portion of the lake offshore of Duluth, the
average suspended solid concentration is about 2.8 mg/l.
During intense storms
nearshore waters can have concentrations of up to 1,000 mg/l.
Both shoreline
erosion and resuspension can contribute to the increase.
Sydor (1975L in a study of red clay erosion and transport in Lake Superior,
found that in the western basin during the open water season (May-November) 70
percent of the turbidity was contributed by shore erosion, 20 percent by resus—
pension and only ten percent by river runoff.
During the winter months for
times when the lake is ice free (December, January and April) Sydor estimated
that resuspension contributed additional suspended material, about twice the
amount contributed during the open water season.
This would indicate that resus-
pension is very important, but that shore erosion contributes the majority of
the annual suspended solids input to the western basin of Lake Superior.
Finally, the biological effect of Suspended solids is hard to determine. As
Lee and Plum (1974) have pointed out, it is difficult to determine the effect
of suspended solids on benthic fauna and flora because very little is known
about the response of organisms to increased rates of siltation.
Some benthic
species may
tolerateor even thrive as a result of increased sedimentation.
Tubificiae and Chironomids are examples of such organisms.
However,
because
of the variability of populations, rate of sedimentation, responses of different
species, movement of the sediment by currents,
and many other interrelated
factors,
it is very difficult to explicitly define the effect of turbidity on
benthic organisms.
 
SIGNIFICANCE OF LOST SHORELINE
Shoreline erosion is a natural process which has been going on for thousands
of years.
It must be recognized, however, that the eroded shoreline represents a
92
  
 los
t n
atu
ral
res
our
ce
to
man
not
onl
y f
or
its
aes
the
tic
val
ues
but
pro
per
ty
and
mat
eri
al
val
ue
as
wel
l.
It
is
als
o
pos
sib
le
tha
t
the
ero
ded
mat
eri
al
can
hav
e
an
imp
ort
ant
imp
act
on
the
coa
sta
l w
ate
rs
and
wat
er
qua
lit
y o
f t
he
ent
ire
Gre
at
Lakes system.
Tab
le
18
ind
ica
tes
tha
t t
he
U.S
.
sho
rel
ine
of
Lak
e E
rie
is
ero
din
g a
t a
rat
e
of
1,5
25,
000
m3/
yr.
The
ent
ire
vol
ume
of
Lak
e E
rie
is
app
rox
ima
tel
y 5
x 1
011
m3.
At
thi
s
ave
rag
e
ero
sio
n
rat
e
fro
m t
he
U.S
.
sid
e
onl
y,
it
wou
ld
tak
e
ove
r
300
,00
0
yea
rs
to
dis
pla
ce
the
vol
ume
of
wat
er
now
pre
sen
t
in
Lak
e E
rie
.
The
tot
al
ave
rag
e
vo
lu
me
of
ma
er
ia
l
er
od
ed
ea
ch
ye
ar
fr
om
th
e
U.
S.
Gr
ea
t
La
ke
s
sh
or
el
in
e
is
es
ti
ma
te
d
at
15,
184
,00
0 m
. T
his
is
equ
ali
van
t t
o a
cub
e w
ith
sid
es
248
met
ers
(812
fee
t)
long
.
Be
ca
us
e
th
e
ra
te
at
wh
ic
h
an
y
gi
ve
n
sh
or
el
in
e
re
ac
h
wi
ll
er
od
e
va
ri
es
gr
ea
tl
y
fr
om
on
e
ye
ar
to
th
e
ne
xt
,
a
ra
ng
e
of
va
lu
es
ha
s
be
en
pr
es
en
te
d
to
re
fl
ec
t
th
is
oc
cu
rr
en
ce
.
As
di
sc
us
se
d
pr
ev
io
us
ly
,
an
av
er
ag
e,
ma
xi
mu
m
an
d
mi
ni
mu
m
va
lu
e
li
ke
ly
to
oc
cu
r
in
an
y
gi
ve
n
re
ac
h
ha
ve
be
en
ge
ne
ra
te
d
fo
r
th
e
en
ti
re
U.S
.
Gr
ea
t
La
ke
s
sh
or
el
in
e.
Th
e
ma
xi
mu
m
va
lu
e
li
ke
ly
to
oc
cu
r
fo
r
an
y
la
ke
va
ri
es
be
tw
ee
n
fo
ur
an
d
si
x
ti
me
s
th
e
mi
ni
mu
m
er
os
io
n
ra
te
ex
pe
ct
ed
an
d
is
ab
ou
t
tw
ic
e
as
gr
ea
t
as
th
e
av
er
ag
e
er
os
io
n
ra
te
li
ke
ly
to
oc
cu
r.
Th
e
ra
ng
e
wi
ll
of
co
ur
se
va
ry
wi
de
ly
fr
om
re
ac
h
to
re
ac
h
bu
t
it
do
es
in
di
ca
te
th
e
wi
de
va
ri
at
io
n
in
vo
lu
me
s
er
od
ed
fr
om
ye
ar
to
ye
ar
in
th
e
va
ri
ou
s
la
ke
s.
POT
ENT
IAL
CHE
MIC
AL
IMP
ACT
FRO
M
SHO
RE
ERO
SIO
N
Bec
aus
e
of
the
gre
at
vol
ume
of
ero
ded
soi
l
fro
m t
he
blu
ffs
alo
ng
the
Gre
at
Lak
es,
par
tic
ula
rly
in
the
las
t f
ew
yea
rs
whe
n l
ake
lev
els
hav
e b
een
hig
h,
it
is
not
sur
pri
sin
g
tha
t
loa
din
gs
of
var
iou
s
che
mic
al
con
sti
tue
nts
fro
m s
oil
are
hig
h.
It
is
mos
t p
rob
abl
e t
hat
a l
arg
e p
erc
ent
age
of
the
che
mic
als
ass
oci
ate
d
wit
h
the
ero
ded
sho
rel
ine
mat
eri
al
eve
nti
all
y
bec
ome
s
bur
ied
in
the
lak
e
sed
ime
nt.
Onc
e p
art
of
the
his
tor
ica
l
sed
ime
nt,
it
is
unl
ike
ly
tha
t
muc
h
int
era
cti
on
wit
h
the
ove
rly
ing
wat
ers
occ
urs
,
at
lea
st
for
mos
t o
f t
he
che
mic
al
com
pon
ent
s.
The
sed
ime
nts
of
the
Gre
at
Lak
es
act
as
a n
atu
ral
sin
k o
f
che
mic
al
tox
ica
nts
,
whe
the
r
the
y a
re
der
ive
d f
rom
sho
rel
ine
ero
sio
n o
r e
lse
whe
re.
Mat
eri
al
fro
m
sho
rel
ine
ero
sio
n m
ay
act
ual
ly
inc
rea
se
the
rat
e a
t
whi
ch
tox
ic
and
oth
er
che
mic
als
are
tra
nsp
ort
ed
to
the
bot
tom
by
pro
vid
ing
inc
rea
sed
opp
ort
uni
ty
for
sor
pti
on
of
che
mic
als
ont
o p
art
icu
lat
e m
ate
ria
l.
The
upt
ake
of
tra
ce
mat
eri
als
,
suc
h
as
pho
sph
oru
s
or
hea
vy
met
als
,
cou
ld
be
jus
t
as
imp
ort
ant
env
iro
nme
nta
lly
as
the
rel
eas
e
of
con
tam
ina
nts
fro
m t
he
sho
rel
ine
mat
eri
als
.
Le
e
an
d
Pl
um
b
(19
74)
an
d
Le
e
23
El.
(19
75)
ha
ve
di
sc
us
se
d
th
e
up
ta
ke
/r
e-
lea
se
of
con
tam
ina
nts
ass
oci
ate
d
wit
h
the
dis
pos
al
of
dre
dge
d
mat
eri
al.
In
man
y w
ays
the
eff
ect
s
of
dis
pos
ing
dre
dge
d m
ate
ria
l
int
o
the
Gre
at
Lak
es
are
sim
ila
r
to
the
eff
ect
s
of
sho
rel
ine
ero
sio
n
on
the
wat
er
qua
lit
y.
Alt
hou
gh
som
e
dre
dge
d m
ate
ria
l
may
be
pot
ent
ial
ly
mor
e
har
mfu
l
tha
n
sho
rel
ine
mat
eri
al,
the
mec
han
ism
s w
hic
h
con
tro
l
the
env
iro
nme
nta
l
con
seq
uen
ce
of
add
ing
dre
dge
spo
il
to
a
la
ke
ar
e
es
se
nt
ia
ll
y
th
e
sa
me
as
th
os
e
op
er
at
in
g
on
sh
or
el
in
e
ma
te
ri
al
er
od
ed
int
o
a
lak
e.
Con
seq
uen
tly
,
lit
era
tur
e
fro
m
the
dre
dge
d m
ate
ria
l
dis
pos
al
fie
ld
is
use
ful
in
gai
nin
g a
n
und
ers
tan
din
g o
f
sho
rel
ine
ero
sio
n
eff
ect
s o
n w
ate
r
quality.
93
 
   
The movement of contaminants into or out of sollution is not
easy to predict and is a complex function of physical, chemical, and biological
interactions. Factors affecting the uptake or release of materials from part-
iculate materials such as pH, Eh and composition of the particulate material,
have been reviewed by Lee (1970). Perhaps the most important factor in deter-
mining the importance of particulate material as a sink or a source of pollu—
tants is the amount of dilution available. In general, this dilution would be
high for particulates added by Great Lakes shorelines, particularly since those
shores that erode rapidly are likely to have an open exposure to the main body
of the lake. This would indicate that even if there were a significant release
of contaminants from some of the Great Lakes shoreline material, its effect on
the lake would be tempered by the tremendous dilution potential.
In addition to the redox potential and pH, the physio—chemical state of
chemicals in the eroded soil can also affect the release of materials. As
discussed previously, soils that contain large concentrations of hydrous oxides
will tend to concentrate trace metals, phosphorus, and other contaminants.
Although sorption/desorption reactions are difficult to predict, one might
expect that sorption reactions may be more important in Lake Erie while in Lake
Superior dissolution reactions may be more common since solution chemicalcon-
centrations in Lake Erie are generally higher than the relatively pristine Lake
Superior waters. For example, dissolved ortho phosphorus concentrations in Lake
Erie tend to be on the order of 20 pg P/l, while those in Lake Superior are on
the order of 4 ug P/l. Consequently, due to the different solution concentra—
tions, there would be a greater tendency for phosphorus to be sorbed in Lake
Erie waters compared to Lake Superior waters. However, other factors may affect
exchange reactions between dissolved and particulate forms and, as Lee and Plumb
(1974) point out, concentration gradients are often not effective in predicting
transfer over the solid—water interface.
Phosphorus
Geographic Distribution of Total Phosphorus Loadings from Shore Erosion.
Phosphorus is perhaps the most important nutrient component of shoreline
erosion to consider, particularly in terms of the management strategies being
developed to control phosphorus input to the Great Lakes. Figures 10 through
14 show the average inputs of total phosphorus from shore erosion from the
various U.S. counties bordering the Great Lakes. In Figure 10, it can be seen
that the total phosphorus loading is high for Douglas, Bayfield, Ashland,Iron, and
Gogebic counties in the western end of Lake Superior. This is primarily due
to the red clay erosion which occurs in this area. On the contrary, the rocky
coastline along the north shore of Lake Superior produces very little total
phosphorus from shoreline erosion. Some high loadings also occur from shore—
lines near the Keewanaw Peninsula. The shores of Houghton County, Baraga County,
and Marquette County also appear to contribute large amounts of total phosphorus.
For Lake Michigan (Figure 11 ) the highest phosphorus loadings are located
in the southern half of the lake. Ozaukee and Milwaukee counties in Wisconsin
and Lake County in Illinois produce the highest total phosphorus loadings from
shoreline erosion on the western side of Lake Michigan. On the eastern side of
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the Lake, Allegan and Leelanau counties in Michigan have the highest loadings.
Lake Huron shore erosion total phosphorus loadings (Figure 12 ) are all low
except for Sanilac County in Michigan, which is estimated to contribute, on the
average, 151 metric tons of total phosphorus from shore erosion each year.
For Lake Erie,highest total phosphorus loadings from shoreline erosion occur
in Lake County, Ohio, and Erie County, Pennsylvania, as shown in Figure 13
Loading rates would be significantly higher on the Canadian portion of Lake
Erie, primarily because of high unconsolidated bluffs along the Canadian shore—
line.
Lake Ontario total phosphorus loadings from shoreline erosion are given in
Figure 14 . No county shoreline produced total phosphorus loadings in excess
of 150 metric tons per year. The highest loadings were found for Jefferson
County. It should be emphasized againhere that the recession information for
the Lake Ontario shoreline was extremely limited. Consequently, the erosion
volumes and chemical loadings should be considered as extremely rough estimates.
Of a
ll t
he U
.S.
coun
ties
bord
erin
g th
e Gr
eat
Lake
s, I
ron
Coun
ty,
Wisc
on—
sin, which borders Lake Superior, has the highest total phosphorus loading per
kilometer of shoreline. Other counties which were found to contribute large
amounts of total phosphorus annually from shoreline erosion are presented, in
order of their annual contribution per kilometer of shoreline, in Table 24
This table shows that Douglas County, Wisconsin produces the second largest
amount of total phosphorus. Table 24 also shows that the counties producing the
largest amount of total phosphorus per kilometer are located along the shores of
Lake Superior and Lake Michigan.
Table 25 shows the total phosphorus loading per kilometer of shoreline on
a planning subarea basis. In addition to total phosphorus, total lead and total
iron are included in this table. These parameters will be discussed subsequently.
As can be seen from this table, Planning Subarea 2.2 was found to contribute
the most total phosphorus from shoreline erosion. Planning Subarea 2.2 covers
the Chicago—Milwaukee complex and includes portions of the states of Indiana,
Illinois, and Wisconsin. The planning subarea with the second highest total
phosphorus loading from shoreline erosion was 1.1. This planning Subarea en—
compasses a large portion of the western basin of Lake Superior and includes much
of the red clay erosion area.
Table 25 also shows the total phosphorus loadings per kilometer of shoreline
on a Lake basis. Lake Michigan has the highest loading, followed by Lake Superior,
Lake Erie, Lake Ontario, and Lake Huron.
As mentioned previously the high loadings to Lake Superior are related to the
red clay found along the southwest portion of the lake. Based on the chemical
analysis of shore profiles, clay soils tend to have higher phosphorus concentra—
tions than sandy soils. In other words, the more clay content in the soil the
100
 TABLE 24
AVERAGE TOTAL PHOSPHORUS LOAD PER KILOMETER
OF SHORELINE (SIGNIFICANT COUNTIES)
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8,441
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5,702
5,244
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4,857
4,074
3,750
3,590
3,469
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more phosphorus is likely to be found. This can best be seen by examining the
Lake Superior and Lake Michigan data in Tables 18 and 20 (given previously)
and Table 26 which shows the volume of each soil texture eroded from the five
Lakes. Table 18 indicates that the average erosion rate for Lake Michigan is
twice that of Lake Superior. However, since 75 percent of the volume eroded
into Lake Michigan is sand (Table 26 ), compared to an 83 percent loam/clay
content (which has a higher phosphorus concentration than sand) into Lake
Superior, the total phosphorus loads in Table 20 for both of these Lakes are
about equal.
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 material is likely highly mixed with the nearshore waters.
the shoreline material remains dispersed in the water would depend on many
factors (such as the particle size and density of the material, or the length
of the storm), but at least during this time the hydrodynamics would not likely
limit phosphorus release from the material.
The length of time
Another possible factor that has been discussed as a mechanism controlling
the release of phosphorus from settled solids in lakes is the capacity of the
sediments to buffer overlying water phosphorus concentrations. According to this
theory, phosphorus is removed from the water column or released from the sedi—
ments until an "equilibrium" concentration is reached. However, it is doubtful
that sediment phosphorus concentrations have a major buffering effect, at least
not to the extent that it controls phosphorus release or uptake. As discussed
in an earlier section, sediment phosphorus concentrations do not seem to control
movement of phosphorus across the sediment—water interface. Sonzogni et al.
(1976) have presented evidence which indicates that sediments did not act—as
phosphorus buffers in the inland lakes in which they studied.
Bahnick (1975) conducted some leaching studies of red clay soils from the
western Lake Superior area. He found that, based on a seven week leaching
study (using Lake Superior water as the leachate), 0.030 i .010 mg of ortho—
phosphate (as P04) per g of clay soil sample and 0.036 : 0.020 mg of total
soluble phosphorus per g of soil was released. Phosphorus was released rapidly
from the samples and with the rate of release declining to near zero (within detection
1imits)within one day.
Deionized water resulted in increased releases.
Similarly, a
decrease in pH resulted in an increase in the amount of phosphorus released.
Tem—
perature was found to have no significant effect on the release.
In general Bahnick found
a release of 10 to 60 pg P/g soil occured under Lake Superior conditions (oxic).
Surprisingly, he did find a lower release of phosphorus under anoxic conditions.
It should be mentioned that the clay soils used for the leaching studies were
taken from Great Lakes shoreline locations as well as streambanks composed of
erodible red clay.
Bahnick (1975) also conducted a number of other studies in which he tried
to estimate the exchange of phosphorus between water and soil at various soil—
to-solution ratios. He concluded from these studies that at the natural solution
concentrations of phosphorus in Lake Superior, orthophosphate would be released
from the soil samples. Using a value for the amount of shoreline soil material
eroded per year to Lake Superior of 8 x 106 metric tons per year (somewhat less
than the value obtained in this study), Bahnick estimated an annual orthophos-
phorus (as P) input to Lake Superior of 80 (plus or minus 25) metric tons per
year. He estimated the total soluble phosphorus input to be 280 (plus or minus
160) metric tons per year from shoreline erosion. Importantly, he indicated that
his estimated input value was probably a lower limit to the actual input. Since
the eroded clay material will probably attain low soil—to-solution ratios due
to dispersal in the lake water during the erosion process, phosphorus release
would be encouraged basedon his studies. Also, orthophosphorus released from
the clay particles would be taken up quickly by organisms in the Lake Superior
water. This, in turn, would lower the solution concentration and thus cause a
greater release of phosphorus to the water. He also indicated that it was
possible that some organisms may directly remove orthophosphorus upon contact
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with the clay particles. These effects were not accounted for in the laboratory
leaching studies.
Given the results of Bahnick (1975) and the results of this study, it is
now possible to further define the available phosphorus loading from shoreline
erosion for Lake Superior. Bahnick’s loading of 80 metric tons per year was
considered to be the lower limit of orthophosphorus (all available) loading from
shoreline erosion. As discussed previously, the extractable phosphorus loading
calculated for Lake Superior in this study was found to be about 2000 metric tons
per year and this was thought (as discussed earlier) to be an upper limit to
available phosphorus loading. The actual available phosphorus loading to Lake
Superior, therefore, likely lies between about 80 and 2000 metric tons per
year. This loading is certainly significant relative to other nutrient sources
to Lake Superior. For example, the mean annual reactive phosphorus loading
(as P) calculated for Lake Superior from tributaries by theUpper Lakes Reference
Group (1976) was found to be 642 metric tons per year. Although the total avail—
able phosphorus is likely to be somewhat higher than just the reactive phosphorus
(essentially the same as orthophosphorus), it would appear that shore erosion
may be contributing about the same order of magnitude of available phosphorus
as is derived from tributary loadings.
Unfortunately, leaching type studies on other soils for other lake shore—
lines are not available. However, given the leaching results of Bahnick (1975)
of
app
rox
ima
tel
y
80
mat
riC
tOD
S P
er
yea
r a
nd
the
ext
rac
tab
le
pho
sph
oru
s l
oad
ing
to Lake Superior from this study of about 2000 metric tons per year, it can be
seen that the lower limit is slightly over 4 percent of the upper limit. Using
this relationship for the other lakes, the available phosphorus loading for
Lake
Mich
igan
and
Lake
Huro
n wo
uld
rang
e fr
om a
bout
60 t
o 15
00 a
nd 4
to 1
00
metric tons per year, respectively, and the range for Lake Erie and Lake Ontario
would be from about 20 to 500 and about 8 to 200 metric tons per year, respec-
tively. Similarly, for the total U.S. shoreline, the available phosphorus
loading from shoreline erosion would range from about 160 to 4,000 metric tons
per year. These ranges would, of course, be higher if the extractable phosphorus
loadings for maximum erosion were used. It should be realized that these ranges
are predicated on gross assumptions and are only used hereto illustrate the
general order of magnitude of available phosphorus loading that is possible.
Further, most of the soils on the Great Lakes shorelines are sandy and how much
phosphorus might be leached from them is not known, but it is likely to be lower
than that leached from clay soils. Also, phosphorus solution concentrations are
higher for the lower Great Lakes which may consequently restrict release of
phosphorus.
In another study,the U.S. Army Corps of Engineers (1975) has estimated the
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 phases are thought to be quite slow (on the order of years) while reactions be—
tween the exchangable and soluble phases are rapid (on the order of hours or
days). Material in the fixed phase is thought to be unavailable to organisms
in the water column under normal conditions. Since the relative proportion of
a metal within these phases is dependent on a number of factors, not the least
of which is the method of measurement, it is difficult to determine the avail—
able fraction. It is for this reasOn that total measurements are often consid—
ered, as is the case for the new proposed waterquality standards,for certain
metals rather than in available form.
The difficulty in trying to interpret the effect of metals on the environ-
ment is further exemplified by the studies of Lopez (1973). He studied the
metals content of bottom sediments and overlying water in Torch Lake, located on
the copperrich Keewanaw Peninsula of Michigan near Lake Superior. This lake
has received large amounts of copper mine tailings and high levels of copper
are found in Torch Lake waters. This copper apparently exists in a relatively
non-toxic form since there are,according to Lopez (1973), substantial amounts
of phytoplankton and fish in the lake. This occurs despite the fact that the
concentrations of copper (in the range of 25—100 micrograms per liter) are
known to cause deleterious effects on aquatic life. Perhaps the copper is
complexed with organics and thus is not available for biological uptake. This
example points to the fact that despite high metal concentrations the potential
effect on the lake is not always obvious. Other examples may be found in Lee
and Plum (1974).
Helmke et al.(1976) in their study of the effects of dredged material disposal.
in Lake Superior determined that concentrations of 160 to 250 parts per million
(ppm) zinc, 65 to 88 ppm copper, and 0.0 to 0.4 ppm mercury would not affect
concentrations of these elements in organisms (in a companion study Magnuson et
a1. (1976) have reported in detail on the environmental effects of metal contam-
ination from dredged disposal inLake Superior). Except for one isolated instance,
all zinc concentrations measured on the shoreline samples were below the 160 to
250 ppm range. Similarly, copper concentrations in the shoreline profiles were
below this range and all mercury measurements were below detection limits. Thus,
based on the above study, it would appear that neither the zinc, copper or mercury
concentrations in eroded shoreline material affects concentrations of these
elements in organisms.
Cogley (1974) has calculated loadings of lead to Lake Michigan from the
Chicago area. Of the different sources he considered, he found that most of the
load to southern Lake Michigan was derived from atmospheric transport of automo-
tive lead aerosols. Precipitation washout from the atmosphere was the most
important mechanism for lead input to Lake Michigan. However, he did not con-
sider shoreline erosion as a lead source. He estimated that about 1,630 metric
tons per year of lead was contributed to the southern basin, mainly from atmos-
pheric precipitation washout. In this study it was estimated that for all of
Lake Michigan approximately 240 metric tons per year of total lead is contri—
buted by shore erosion.
Bahnick (1975) estimated the input of various metals and other elements
from shoreline eorsion based on his leaching studies of red clay soils. Table 28
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Calcium
1,190,000 1,090,000
256,000
22,000
Iron
65,335 23,300 233,000 2,200 14,000 160
Lead
1,110 260 240
120
Magnesium 351,000 343,000 149,000 40,000 11,000 4,000
Manganese 2,416 471 4,500 900 330 70
1. Based on Upper Lakes Reference Group Study (1976); includes both U.S. and
Canadian total tributary inputs (including point inputs to the
tributaries)
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114
U)
 
were not detectible in the shoreline samples. Consequently, loadings of theSe
compounds Via shore erosion is not likely to be significant. On the contrary,
the shoreline material added to Great Lakes waters mayserve to remove organic
contaminants from solution by sorption.
The organics would be carried to the
sediment as the shoreline material settles to the bottom of the lake.
115
 
  
REFERENCES
Armstrong, J.M., Seibel, E. and C.L. Alexander (1976).
"Technical Report on Determination of Quantity and Quality of Great
Lakes U.S. Shoreline Eroded Material", Pollution from Land Use
Reference Group, International Joint Commission.
Bahnick, D.A. (1975). "Chemical Effects of Red Clays on Western Lake
Superior”, Center for Lake Superior Environmental Studies, University
Wisconsin, Superior, 89 p.
Bannerman, R.T., Armstrong, D.E., Holdren, G.C. and R. F. Harris (1974).
"Phosphorus Mobility in Lake Ontario Sediments" Proc. 17th Conf.
Great Lakes Res., Internat. Assoc. Great Lakes Res., p. 158—178.
Black, C.A. (ed)(l965). "Methods of Soil Analysis" Part 2, American
Society of Agronomy, Madison, Wisconsin.
Bortleson, G. C. and Lee, G.F. (1972). "Recent Sedimentary History of
Lake Mendota, Wis.", Envir. Sci. and Tech., 6, 9, p. 799—808.
Boul
den,
R.S.
(197
5).
“Can
ada—
Onta
rio
Grea
t La
kes
Shor
e Da
mage
Surv
ey",
Environment Canada/Ontario Ministry of Natural Resources, 97 p.
Brad
y, N
.C.
(197
4).
The
Natu
re a
nd P
rope
rty
of S
oils
, 8
th e
d.,
Macm
illa
n,
New York, 639 p.
Brow
n, D
.W.,
Pell
egri
m,
C.,
Will
iams
, S
., a
nd T
.O.
Kolb
ery
(197
3).
"Sh
ore
Ero
sio
n i
n t
he
Gre
at
Lak
es—
St.
Law
ren
ce
Sys
tem
-Pa
rt
2”
Tas
k
For
ce
on
Ava
ila
ble
Sho
re
Ero
sio
n I
nfo
rma
tio
n o
n t
he
Gre
at
Lak
es—
St.
Law
ren
ce
Sys
tem
,
Can
ada
Cen
ter
for
Inl
and
Wat
ers
,
102
p.
Cai
rns
, J
.,
Jr.
,
(19
68)
.
"Su
spe
nde
d S
oli
ds
Sta
nda
rds
for
the
Pro
tec
tio
n
of
Aqu
ati
c O
rga
nis
ms,
" 2
2nd
Pur
due
Ind
ust
ria
l W
ast
e C
onf
.,
Pur
due
Univ., Eng. Bulletin 129, p. 16—27.
Car
ter
, C
. H
. (
1975
).
"Se
dim
ent
Loa
d M
eas
ure
men
ts
Alo
ng
the
U.S.
Sho
re
of
Lak
e E
rie
",
Ohi
o D
ivi
sio
n o
f G
eol
ogi
cal
Sur
vey
, U
.S.
Arm
y C
orp
s o
f
Eng
ine
ers
(Bu
ffa
lo
Dis
tri
ct)
Con
tra
ct
DAC
W 4
9-7
5—C
-00
31,
83
p.
117
  
C
a
s
e
y
,
D
.
J
.
a
n
d
S
o
l
b
a
c
h
,
S
.
E
.
(
1
9
7
4
)
.
"
I
F
Y
G
L
S
t
r
e
a
m
M
a
t
e
r
i
a
l
s
B
a
l
a
n
c
e
S
t
u
d
y
"
P
r
o
c
.
1
7
t
h
C
o
n
f
.
G
r
e
a
t
L
a
k
e
s
R
e
s
.
,
p
.
6
6
8
—
6
8
1
.
C
o
g
l
e
y
,
A
.
C
.
(
1
9
7
4
)
.
"
L
a
r
g
e
-
S
c
a
l
e
M
a
s
s
B
a
l
a
n
c
e
f
o
r
L
e
a
d
i
n
S
o
u
t
h
e
r
n
L
a
k
e
M
i
c
h
i
g
a
n
"
,
W
a
t
e
r
R
e
s
o
u
r
c
e
s
C
e
n
t
e
r
R
e
s
e
a
r
c
h
R
e
p
o
r
t
N
o
.
8
5
,
U
n
i
v
.
o
f
I
l
l
i
n
o
i
s
,
U
r
b
a
n
a
,
1
5
p
.
C
o
r
d
e
n
e
,
A
.
J
.
a
n
d
K
e
l
l
e
y
,
D
.
W
.
(
1
9
6
1
)
.
"
T
h
e
I
n
f
l
u
e
n
c
e
o
f
I
n
o
r
g
a
n
i
c
S
e
d
i
m
e
n
t
o
n
t
h
e
A
q
u
a
t
i
c
L
i
f
e
o
f
S
t
r
e
a
m
s
"
,
C
a
l
i
f
o
r
n
i
a
F
i
s
h
a
n
d
G
a
m
e
,
4
7
,
p. 189—228.
C
o
w
e
n
,
W
.
F
.
(
1
9
7
4
)
.
"
P
h
o
s
p
h
o
r
u
s
A
v
a
i
l
a
b
i
l
i
t
y
i
n
U
r
b
a
n
R
u
n
o
f
f
a
n
d
L
a
k
e
O
n
t
a
r
i
o
T
r
i
b
u
t
a
r
y
W
a
t
e
r
s
"
,
P
h
.
D
.
T
h
e
s
i
s
,
W
a
t
e
r
C
h
e
m
i
s
t
r
y
P
r
o
g
r
a
m
,
U
n
i
v
.
o
f
W
i
s
c
o
n
s
i
n
,
M
a
d
i
s
o
n
.
F
o
r
s
t
n
e
r
,
U
.
(
1
9
7
6
)
.
"
F
o
r
m
s
a
n
d
S
e
d
i
m
e
n
t
A
s
s
o
c
i
a
t
i
o
n
s
o
f
T
r
a
c
e
M
e
t
a
l
s
"
,
P
a
p
e
r
P
r
e
s
e
n
t
e
d
a
t
F
l
u
v
i
a
l
T
r
a
n
s
p
o
r
t
o
f
S
e
d
i
m
e
n
t
—
A
s
s
o
c
i
a
t
e
d
N
u
t
r
i
e
n
t
s
a
n
d
C
o
n
t
a
m
i
n
a
n
t
s
W
o
r
k
s
h
o
p
,
P
o
l
l
u
t
i
o
n
f
r
o
m
L
a
n
d
U
s
e
A
c
t
i
v
i
t
i
e
s
R
e
f
e
r
e
n
c
e
0
G
r
o
u
p
,
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
3
3
1
o
n
,
K
i
t
c
h
n
e
r
,
O
n
t
a
r
i
o
,
1
4
p
.
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
C
o
m
m
i
s
s
i
o
n
(
1
9
7
5
)
.
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
F
r
a
m
e
w
o
r
k
S
t
u
d
y
,
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
C
o
m
m
i
s
s
i
o
n
,
A
n
n
A
r
b
o
r
,
M
i
c
h
i
g
a
n
1
0
5
p
.
p
l
u
s
2
3
a
p
p
e
n
d
i
c
e
s
.
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
(
1
9
7
6
)
.
"
P
r
o
p
o
s
e
d
N
e
w
a
n
d
R
e
v
i
s
e
d
W
a
t
e
r
Q
u
a
l
i
t
y
O
b
j
e
c
t
i
v
e
s
"
,
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
,
W
i
n
d
s
o
r
,
O
n
t
a
r
i
o
,
1
8
2
p
.
H
e
l
m
k
e
,
P
.
A
.
,
K
o
o
n
s
,
R
.
D
.
a
n
d
I
.
K
.
I
s
k
a
n
d
a
r
(
1
9
7
6
)
.
"
A
n
A
s
s
e
s
s
m
e
n
t
o
f
t
h
e
E
n
v
i
r
o
n
m
e
n
t
a
l
E
f
f
e
c
t
s
o
f
D
r
e
d
g
e
d
M
a
t
e
r
i
a
l
D
i
s
p
o
s
a
l
i
n
L
a
k
e
S
u
p
e
r
i
o
r
:
t
h
e
V
o
l
u
m
e
V
T
r
a
c
e
E
l
e
m
e
n
t
S
t
u
d
y
"
,
M
a
r
i
n
e
S
t
u
d
i
e
s
C
e
n
t
e
r
,
I
n
s
t
i
t
u
t
e
f
o
r
E
n
v
i
r
o
n
m
e
n
t
a
l
S
t
u
d
i
e
s
,
U
n
i
v
e
r
s
i
t
y
o
f
W
i
s
c
o
n
s
i
n
,
M
a
d
i
s
o
n
,
1
4
8
p
.
H
e
r
d
e
n
d
o
r
f
,
C
.
E
.
(
1
9
7
6
)
.
"
E
f
f
e
c
t
o
f
M
a
u
m
e
e
R
i
v
e
r
I
n
p
u
t
o
n
L
a
k
e
E
r
i
e
W
a
t
e
r
Q
u
a
l
i
t
y
"
,
P
r
e
l
i
m
i
n
a
r
y
D
a
t
a
R
e
p
o
r
t
o
f
M
a
r
c
h
1
9
7
5
P
i
l
o
t
S
t
u
d
y
,
C
e
n
t
e
r
f
o
r
L
a
k
e
E
r
i
e
A
r
e
a
R
e
s
e
a
r
c
h
,
O
h
i
o
S
t
a
t
e
U
n
i
v
e
r
s
i
t
y
.
H
o
l
l
i
s
,
E
.
H
.
,
B
o
o
n
e
,
J
.
G
.
,
D
e
R
o
s
e
,
C
.
R
.
a
n
d
G
.
J
.
M
u
r
p
h
y
(
1
9
6
4
)
.
"
L
i
t
e
r
a
t
u
r
e
R
e
v
i
e
w
o
n
t
h
e
E
f
f
e
c
t
s
o
f
T
u
r
b
i
d
i
t
y
a
n
d
S
i
l
t
a
t
i
o
n
o
n
A
q
u
a
t
i
c
L
i
f
e
"
,
D
e
p
t
.
C
h
e
s
a
p
e
a
k
e
B
a
y
A
f
f
a
i
r
s
,
M
a
r
y
l
a
n
d
F
i
s
h
a
n
d
W
i
l
d
l
i
f
e
A
d
m
i
n
.
,
A
n
n
a
p
o
l
i
s
,
M
d
.
,
2
0
p
.
118
IJC Survelliance Subcommittee (1975). "Annual Report of the Surveillance
Subcommittee", Appendix B, Great Lakes Water Quality Fourth Annual
Report, International Joint Commission, Windsor, Ontario, 255 p.
Jackson, M.L. (1973). "Soil Chemical Analysis-Advanced Course", Department
of Soil Science, University of Wisconsin, Madison, Printed by the
author.
Jenne, E.A. (1968) "Controls on Mn, Fe, Co, Ni, Cu, and Zn Concentrations
in Soils and Water: the Significant Role of Hydrous Mn and Fe Oxides”,
Adv. Chem., 73, p. 337-387.
Jenne, E.A., Ball, J.W. and C. Simpson (1974). "Determination of Trace
Metals in Sodium Dithionite—Citrate Extracts of Soils and Sediments
by Atomic Adsorption", J. Environ“ Qual., 3, p. 281—287.
Kemp, A.L.W., Thomas, R.L., Dedl, C.I. and J.—M. Jaquet (1976). "Cultural
Impact on the Geochemistry of Sediments in Lake Erie", J. Fish. Res.
Ed. Canada, 33, 3, p. 440—462.
Lee, G.F. (1970). "Factors Affecting the Transfer of Materials Between
Water and Sediment", Water Resources Center, University of Wisconsin,
Madison, Occasional Paper No. l, 50 p.
Lee, G.F. and Plumb, R.H. (1974). "Literature Review on Research Study
for the Development of Dredged Material Disposal Criteria”, U.S. Army
Engineer Experiment Station Contract Report D—74—1, Vicksburg,
Mississippi, 145 p.
Lee,
G.F.
, Pu
voni
, M.
D.,
Lope
z,
J.M.
, Ma
rian
i, G
.M.,
Rich
ards
on,
J.S.
,
Home
r,
D.H.
and
F. S
aleh
(197
5).
"Res
earc
h St
udy
for
the
Deve
lopm
ent
of D
redg
ed M
ater
ial
Disp
osal
Crit
eria
", U
.S.
Army
Engi
neer
Wate
rway
s
Expe
rime
nt S
tati
on,
Cont
ract
Repo
rt D
-75-
4, V
icks
burg
, Mi
ss.,
337
p.
Lee,
G.F.
, S
onzo
gni,
W.C.
and
R.D.
Spea
r (1
976)
. "
Sign
ific
ance
of O
xic
vs.
Ano
xic
Con
dit
ion
s f
or
Lak
e M
end
ota
Sed
ime
nt
Pho
sph
oru
s R
ele
ase
",
Pro
cee
din
gs
of
Int
ern
ati
ona
l S
ymp
osu
m o
n S
edi
men
t—W
ate
r E
xch
ang
e
Processes, Amsterdam, in publication.
119
 
  
Lopez, J.M. (1973). "Aqueous Environmental Chemistry of Cooper and Other
Heavy Metals in Torch Lake and Selected Waters of the Keweenaw
Peninsula Area of Lake Superior", M.S. Thesis, Univ. of Wisconsin,
Madison.
Magnuson, J.J., Forbes, A. and R. Hall (1976). An Assessment of the
Environmental Effects of Dredged Material Disposal in Lake Superior:
Volume 3, Biological Studies, Marine Studies Center, Institute for
Environmental Studies, Univ. of Wisconsin, Madison, 173 p.
May, E.B. (1973).
"Environmental Effects of Hydraulic Dredging in Estuaries",
Alabama Marine Resources Bulletin, 9, p. 1—85.
Mildner, W.F. (1974).
"Assessment of Erosion and Sedimentation to the U.S.
Portion of the Great Lakes Basin", Task A Report, Vol. I, Pollution
from Land Use Activities Reference Group.
Murphy, T.J. and Dosbrey, P.V. (1975).
"Inputs of Phosphorus from Precipi—
tation to Lake Michigan",
U.S. EPA Ecological Research Series, EPA-
600/3—75—005, Environmental Research Laboratory, Duluth, Minn., 27 p.
Plumb, R.H. and Lee, G.F. (1975).
"Response of Lake Superior Algae to
Nutrients and Taconite Tailings", I.W.P.C.F.
Plumb, R.H.
and Lee,
G.F.
(1976).
"The Impact of Taconite Tailings on
Dissolved
Solids
Concentrations
in Lake
Superior",
in publication.
Ronan,
R.
(1975).
"Simultaneous Analysis
of
Liquid
Samples
for
Metals
by
Inductively
Coupled
Argon
Plasma Atomic—Emission
Spectroscopy
(ICAP—AES)",
U.S.
Environmental
Protection Agency,
Region
V,
Chicago,
12 p. + tables.
Sagher,
A.
(1974).
"Microbial
Availability
of
PhOSphorus
in
Lake
Sediments",
M.S.
Thesis,
Dept.
of
Soil
Science,
Univ.
of
Wisconsin,
Madison.
Sagher,
A.,
Harris,
R.F.
and
D.E.
Armstrong
(1975).
"Availability
of
Sediment
Phosphorus
to
Microorganisms",
Technical
Report
WIS
WRC
75—10,
Water
Resources
Center,
University
of
Wisconsin,
Madison.
120
  
Sch
els
ke,
C.L
.,
Sto
erm
er,
E.F.
(197
1).
"Eu
tro
phi
cat
ion
, S
ili
ca
Dep
let
ion
,
and
Pre
dic
ted
Cha
nge
s i
n A
lga
l Q
ual
ity
in
Lak
e M
ich
iga
n",
Sci
enc
e,
173, p. 423—424.
Sch
roe
der
,
D.
(19
76)
.
"Ph
osp
hor
us
Mob
ili
ty
in
Run
off
Wat
ers
fro
m A
gri
cul
tur
al
Are
as"
, P
h.D
.
The
sis
, W
ate
r C
hem
ist
ry,
Uni
ver
sit
y o
f W
isc
ons
in,
Mad
iso
n.
Sey
ers
,
J.K
.,
Har
ris
, R
.F.
and
D.E
. A
rms
tro
ng
(19
73)
.
"Ph
osp
hat
e C
hem
ist
ry
in
Lak
e S
edi
men
ts”
,
I.
Env
iro
n.
Qua
l.
2,
p.
1-1
4.
Shu
kla
,
S.S
.,
Sye
rs,
J.K
.,
Wil
lia
ms,
J.D
.H.
,
Arm
str
ong
,
D.E
.
and
R.F
.
Har
ris
(19
71)
.
"So
rpt
ion
of
Ino
rga
nic
Pho
sph
ate
by
Lak
e
Sed
ime
nts
",
Soi
l
Sci. Soc. Amer. Proc., 35, 244—249.
Som
mer
s,
L.E
.,
Nel
son
,
D.W
.,
Mon
ke,
E.J
.,
Bea
sle
y,
D.,
Bot
tch
er,
A.D
.
and
D.
Kam
ins
ky
(19
75)
.
"Wa
ter
Qua
lit
y M
oni
tor
ing
in
Bla
ck
Cre
ek
Wat
ers
hed
"
in
Env
iro
nme
nta
l
Imp
act
of
Lan
d U
se
on
Wat
er
Qua
lit
y,
Bla
ck
Cre
ek
Pro
jec
t
Pro
gre
ss
Rep
ort
,
All
en
Cou
nty
Soi
l
and
Wat
er
Con
ser
vat
ion
District, p. 63—154.
So
nz
og
ni
,
W.
C.
,
Ut
to
rm
ar
k,
P.D
.
an
d
G.F
.
Le
e
(19
76)
.
"A
Ph
os
ph
or
us
Re
si
de
nc
e
Ti
me
Mo
de
l:
Th
eo
ry
an
d
Ap
pl
ic
at
io
n"
Wa
te
r
Re
s.
,
10,
p.
42
9-
43
5.
St
um
m,
W.
an
d
Mo
rg
an
,
J.
J.
(1
97
0)
.
Ag
ua
ti
c
Ch
em
is
tr
y,
Wi
le
y
In
te
rs
ci
en
ce
,
New York, 583 p.
Syd
or
,
M.
(19
75)
.
"R
ed
Cl
ay
Tu
rb
id
it
y
an
d
It
s
Tr
an
sp
or
t
in
We
st
er
n
La
ke
Su
pe
ri
or
",
Re
po
rt
of
th
e
Sp
ac
e
Sc
ie
nc
e
Ce
nt
er
,
Un
iv
er
si
ty
of
Mi
nn
es
ot
a,
Duluth.
U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s,
(1
97
1)
.
"G
re
at
La
ke
s
Re
gi
on
In
ve
nt
or
y
Re
po
rt
Na
ti
on
al
Sh
or
el
in
e
St
ud
y"
,
No
rt
h
Ce
nt
ra
l
Di
vi
si
on
,
Ch
ic
ag
o,
Il
li
no
is
18
8
p.
U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s
(1
97
5)
.
"
La
ke
Er
ie
Wa
st
ew
at
er
Ma
na
ge
me
nt
St
ud
y
Pr
el
im
in
ar
y
Fe
as
ib
il
it
y
Re
po
rt
",
Vo
l.
I,
Bu
ff
al
o
Di
st
ri
ct
,
17
2
p.
121
 U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s
(1
97
6)
.
"G
re
at
La
ke
s
Sh
or
el
an
d
Da
ma
ge
St
ud
y”
,
Su
mm
ar
y
Re
po
rt
pl
us
Ei
gh
t
Ap
pe
nd
ic
es
,
No
rt
h
Ce
nt
ra
l
Di
vi
si
on
,
Ch
ic
ag
o,
Illinois.
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
(1
97
1)
.
"I
nt
er
—L
ab
or
at
or
y
Pr
ov
is
io
n
Te
st
:
An
Ei
gh
t—
La
bo
ra
to
ry
Ev
al
ua
ti
on
of
th
e
Pr
ov
is
io
na
l
Al
ga
l
As
sa
y
Pr
oc
ed
ur
e
Bo
tt
le
Te
st
",
Na
ti
on
al
Eu
tr
op
hi
ca
ti
on
Re
se
ar
ch
Pr
og
ra
m,
Co
rv
al
le
s,
Or
eg
on
,
70
p.
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
(1
97
4)
.
"M
et
ho
ds
fo
r
Ch
em
ic
al
An
al
ys
is
of
Wa
te
r
an
d
Wa
st
es
"
Me
th
od
s
De
ve
lo
pm
en
t
an
d
Qu
al
it
y
As
su
ra
nc
e
Re
se
ar
ch
La
bo
ra
to
ry
,
Na
ti
on
al
En
vi
ro
nm
en
ta
l
Re
se
ar
ch
Ce
nt
er
,
Ci
nc
in
na
ti
,
Oh
io
.
Up
pe
r
La
ke
s
Re
fe
re
nc
e
Gr
ou
p
(1
97
6)
.
"T
he
Wa
te
rs
of
La
ke
Hu
ro
n
an
d
La
ke
Su
pe
ri
or
"V
ol
um
e
I,
Su
mm
ar
y
an
d
Re
co
mm
en
da
ti
on
s,
Re
po
rt
to
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
,
Up
pe
r
La
ke
s
Re
fe
re
nc
e
Gr
ou
p
St
ud
y,
Windsor, Ontario, 236 p.
Ve
at
ch
,
J.
O.
(1
95
3)
.
So
il
s
an
d
La
nd
of
Mi
ch
ig
an
,
Mi
ch
ig
an
St
at
e
Un
iv
er
si
ty
Pr
es
s,
Ea
st
La
ns
in
g,
24
1
p.
 
Wi
ld
in
g,
L.
an
d
Lo
ga
n,
T.
(1
97
6)
.
"M
au
me
e
Ri
ve
r
Wa
te
rs
he
d
St
ud
y"
Po
ll
ut
io
n
fr
om
La
nd
Us
e
Ac
ti
vi
ti
es
Re
fe
re
nc
e
Gr
ou
p,
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
,
unpublished data.
Wi
ll
ia
ms
,
J.
D.
H.
,
Ja
qu
et
,
J-
M.
an
d
R.
L.
Th
om
as
(1
97
6)
.
"F
or
ms
of
Ph
os
ph
or
us
in
Su
rf
ic
ia
l
Se
di
me
nt
s
of
La
ke
Er
ie
",
J.
Fi
sh
.
Re
s.
Ed
.
Ca
na
da
,
33
,
3,
p. 413-429.
Wi
ll
ia
ms
,
J.
D.
H.
an
d
Ma
ye
r,
T.
(1
97
2)
.
"E
ff
ec
ts
of
Se
di
me
nt
Di
ag
en
es
is
an
d
Re
ge
ne
ra
ti
on
of
Ph
os
ph
or
us
wi
th
Sp
ec
ia
l
Re
fe
re
nc
e
to
La
ke
s
Er
ie
an
d
On
ta
ri
o"
,
in
H.
E.
Al
le
n
an
d
J.
R.
Kr
am
er
(e
d.
),
Nu
tr
ie
nt
s
in
Na
tu
ra
l
Wat
ers
, W
ile
y—I
nte
rsc
ien
ce,
New
Yor
k,
p.
281
—31
5.
 
Wi
ll
ia
ms
,
J.
D.
H.
,
Sy
er
s,
J.
K.
,
Sh
uk
la
,
S.
S.
,
Ha
rr
is
,
R.F
.
an
d
D.
E.
Ar
ms
tr
on
g
(19
71)
.
"Le
vel
s
of
Ino
rga
nic
and
Tot
al
Pho
sph
oru
s
in
Lak
e
Sed
ime
nts
as
Rel
ate
d
to
Oth
er
Sed
ime
nt
Par
ame
ter
s",
Env
ir.
Sci
.
and
Tec
h.,
5,
p. 1113—1120.
122
 APPENDIX
The samples shown in this Appendix were collected by localorganizations
under contract to the U.S. Army Corps of Engineers with the assistance
of soil scientists from the U.S. Soil Conservation Service. Samples,
were analyzed by the U.S. Environmental Protection Agency Region V
Laboratory in Chicago, Illinois.
A.
U.S. SHORELINE SOIL SAMPLE DATA
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10-
25"
(25
.4—
SL—
l—Z
B2T
hor
izo
n;
red
dis
h
bro
wn
(2.
5YR
4/4
)
cla
y;
lac
us-
63.
5 c
m)
tri
ne;
str
ong
fin
e a
ngu
lar
and
sub
ang
ula
r b
loc
ky
structure, very plastic; clear wavy boundary.
25-
40"
(63
.5-
SL-
l—3
Cl
ca
hor
izo
n;
red
dis
h
bro
wn
(2.
5
YR
4/4
)
cla
y:
101
.6
cm)
lac
ust
rin
e;
str
ong
fin
e
ang
ula
r
and
sub
ang
ula
r
blo
cky
st
ru
ct
ur
e,
ve
ry
pl
as
ti
c;
ma
ny
1
to
2
cm
so
ft
ca
rb
on
au
con
cre
tio
ns;
str
ong
eff
erv
esc
enc
e w
ith
HCl
;
gra
dua
l
smooth boundary.
56—
252
"(l
42.
2—
SL-
l—4
IIC
3 h
ori
zon
;
red
dis
h b
row
n
(SY
R 4
/4
to
2.5
YR
4/4
)
640
-1
Cm)
loa
m g
lac
ial
til
l;
mas
siv
e i
n p
lac
e,
med
ium
ang
ula
r
and subangular blocky structure when displaced;
abo
ut
10
per
cen
t c
oar
se
fra
gme
nts
mos
tly
0.2
to
1 c
m;
sli
ght
eff
erv
esc
enc
e w
ith
HCl
;
abr
upt
smo
oth
bou
nda
ry
252
-43
2"+
(64
0.l
-
SL—
l—S
III
C4
hor
izo
n;
dar
k r
edd
ish
bro
wn
(SY
R 3
/2)
fin
e
1097.
2+ cm
)
sandy
glaci
al t
ill;
massi
ve i
n pla
ce;
stron
g co
arse
platy structure when displaced; about 20% coarse
fragments mostly 0.2 to 8 cm; slight effervescence
with H01.
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 PROFILE NUMBER: 2
LOCATION: Duluth Tent and Trailer Park; SW 1/4, Section 19, T41N., RlZW.
SHORE TYPE: Non—erodible low bluff (despite non-erodible classification by Corps
of Engineers, the collectors found that this area was erodible)
DATE OF COLLECTION: June 5, 1975
COLL
ECTO
RS:
Minn
esot
a De
pt.
of N
atur
al
Reso
urce
s an
d Ar
rowh
ead
Regi
onal
Deve
lopm
ent
Commission
SUP
PLE
MEN
T I
NFO
RMA
TIO
N:
No
evi
den
ce
of
bed
roc
k a
t t
his
site
.
Sample
Sample Depth Number
O—3"(0—7.6 cm) SL-2-l
Sample Description
Al and A2 horizon; Al horizon a very dark gray
(lOYR 3/1) silt loam with a strong very fine sub-
angular blocky and granular structure, abundant
fine and very fine roots; abrupt wavy boundary and
friable; A2 horizon a dark grayish brown (5YR 5/2)
silt loam with weak fine platy structure, abundant
fine and very fine roots, clear wavy boundary and
friable.
6—2
4”(
15.
2—
SL—
2—2
B2T
hor
izo
n;
red
dis
h b
row
n (
2.5
YR
4/4
)
cla
y l
acu
s-
61.0
cm)
trine
; st
rong
very
fine
suban
gular
block
y str
uctur
e;
very plastic; clear wavy boundary.
24—
114
"(6
l.0
-
SL-
2—3
Cl
hor
izo
n;
red
dis
h b
row
n (
2.5
YR
4/4
)
cla
y l
acu
str
ine
;
289
.6
cm)
str
ong
coa
rse
ang
ula
r b
loc
ky
str
uct
ure
;
few
sli
cke
n—
sid
es;
ver
y p
las
tic
;
str
ong
eff
erv
esc
enc
e w
ith
HCl
;
car
bon
ate
s i
n f
orm
of
har
d c
onc
ret
ion
s;
abr
upt
smo
oth
boundary.
11
4—
15
0"
(2
89
.6
—
SL
—2
—4
II
C2
ho
ri
zo
n;
da
rk
re
dd
is
h
br
ow
n
(5
YR
3/
2)
lo
am
381
.0
cm)
wit
h f
ew
5 t
o 2
0 m
m s
tra
ta
of
dar
k r
edd
ish
gra
y f
ine
an
d
ve
ry
fi
ne
sa
nd
y
loa
m;
pr
ob
ab
ly
lo
ca
l
se
di
me
nt
s;
we
ll
so
rt
ed
;
le
ss
th
an
1%
co
ar
se
fr
ag
me
nt
s;
co
ar
se
an
gu
la
r
bl
oc
ky
st
ru
ct
ur
e;
ha
rd
;
mo
de
ra
te
ef
fe
rv
es
ce
nc
e
wi
th
HC
l,
ab
ru
pt
sm
oo
th
bo
un
da
ry
.
II
IC
3
ho
ri
zp
n;
da
rk
re
dd
is
h
br
ow
n
(5
YR
3/
2)
fi
ne
sa
nd
y
lo
am
gl
ac
ia
l
ti
ll;
ma
ss
iv
e
in
pl
ac
e
pa
rt
in
g
to
st
ro
ng
co
ar
se
pl
at
y
st
ru
ct
ur
e
wh
en
di
sp
la
ce
d;
ab
ou
t
15
to
20
%
co
ar
se
fr
ag
me
nt
s
mo
st
ly
0.
2
to
80
cm
.
ma
in
ly
da
rk
co
lo
re
d
ig
ne
ou
s
ro
ck
s;
sl
ig
ht
ef
fe
rv
es
ce
nc
e
wi
th
HCI.
150-234"+(381.0— SL—2—5
594. 4+ cm)
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PROFILE NUMBER: 3
LO
CA
TI
ON
:
Le
if
Er
ik
so
n
Pa
rk
;
SE
1/
4,
Se
ct
io
n
23
,
T5
0N
.,
Rl
4w
.
SH
OR
E
TY
PE
:
Er
od
ib
le
lo
w
bl
uf
f
DA
TE
OF
CO
LL
EC
TI
ON
:
Ju
ne
6,
19
75
CO
LL
EC
TO
RS
:
Mi
nn
es
ot
a
De
pt
.
of
Na
tu
ra
l
Re
so
ur
ce
s
an
d
Ar
ro
wh
ea
d
Re
gi
on
al
De
ve
lo
pm
en
t
Commission
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Al
ho
ri
zo
n
de
sc
ri
be
d
bu
t
no
t s
am
pl
ed
;
be
dr
oc
k
(l
av
a
fl
OW
)
fo
un
d
at
de
pt
hs
gr
ea
te
r
th
an
36
0"
(9
.1
4
m)
.
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
2—
l6
"(
5.
l—
40
.6
cm
)
SL
—3
-l
Bh
ir
ho
ri
zo
n;
re
dd
is
h
br
ow
n
(S
YR
4/
3)
si
lt
lo
am
to
ve
ry
fi
ne
sa
nd
y
loa
m;
we
ak
ve
ry
fi
ne
su
ba
ng
ul
ar
bl
oc
ky
st
ru
ct
ur
e;
ab
ou
t
2
to
10
%
co
ar
se
fr
ag
me
nt
s
ran
gin
g
fro
m
1 t
o
4 c
m;
ver
y
fri
abl
e;
abr
upt
smo
oth
boundary.
l6
-3
0"
(4
0.
6—
SL
—3
—2
II
B2
T
ho
ri
zo
n;
re
dd
is
h
br
ow
n
(2
.5
YR
4/
4)
cl
ay
la
cu
s-
76
.2
cm)
tr
in
e;
st
ro
ng
fi
ne
an
gu
la
r
an
d
su
ba
ng
ul
ar
bl
oc
ky
st
ru
ct
ur
e;
ve
ry
pl
as
ti
c;
cl
ay
fi
lm
s
ar
e
no
t
di
st
in
ct
on
pe
d
fa
ce
s;
pe
d
su
rf
ac
es
ar
e
gl
os
sy
;
ab
ru
pt
ir
re
gu
ht
boundary.
30
-1
08
"(
76
.2
-
SL
—3
-3
II
Cl
ca
ho
ri
zo
n;
re
dd
is
h
br
ow
n
(2
.5
YR
4/
4)
cl
ay
274
.3
cm)
lac
ust
rin
e;
str
ong
fin
e
to
coa
rse
ang
ula
r
and
sub
—
an
gu
la
r
bl
oc
ky
st
ru
ct
ur
e;
ve
ry
pl
as
ti
c;
st
ro
ng
ef
fe
rv
es
ce
nc
e
wi
th
HC
l;
ca
rb
on
at
es
ar
e
in
fo
rm
of
th
re
ad
s
an
d
co
nc
re
ti
on
s
ab
ou
t
1
to
2
pe
rc
en
t
co
ar
se
fr
ag
me
nt
s
ra
ng
in
g
fr
om
0.
5
to
2
cm
in
th
e
lo
we
r
36
inches; abrupt smooth boundary.
lO
8-
l9
8"
(2
74
.3
-
SL
—3
—4
II
IC
2
ho
ri
zo
n;
da
rk
re
dd
is
h
br
ow
n
to
re
dd
is
h
br
ow
n
50
2.
9
cm)
(S
YR
3/3
to
4/3
)
lo
am
gl
ac
ia
l
ti
ll
;
ma
ss
iv
e
in
pl
ac
e
par
tin
g
coa
rse
ang
ula
r
blo
cky
str
uct
ure
whe
n
dis
—
pl
ac
ed
;
ab
ou
t
10
to
15
pe
rc
en
t
co
ar
se
fr
ag
me
nt
s
ra
ng
m
fro
m 0
.2
to
15
cm
mos
tly
dar
k
col
or
ign
eou
s
roc
ks;
sl
ig
ht
ef
fe
rv
es
ce
nc
e
wi
th
HC
l;
ab
ru
pt
sm
oo
th
bo
un
da
ry
198
—36
0"(
502
.9—
SL—
3—5
IVC
3 h
ori
zon
; d
ark
gra
y t
o d
ark
red
dis
h b
row
n
(SY
R
914
.4
cm)
3/1
to
3/2
) g
rav
ell
y
fin
e s
and
y l
oam
gla
cia
l t
ill
,
massive in place parting to medium coarse platy
structure when displaced; about 15 to 20% coarse
fra
gme
nts
ran
gin
g f
rom
0.2
to
2.5
cm
mos
tly
dar
k c
olm
ign
eou
s r
ock
s;
den
se
in
pla
ce;
fri
abl
e w
hen
dis
pla
ceﬂ
slight effervescence with HCl.
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PROFILE NUMBER: 4
LOCATION: Lake Avenue and 12th Street South
SHORE TYPE: Erodible low plain
DATE OF COLLECTION: June, 1975
COLLECTORS: Minnesota Dept. of Natural Resources and Arrowhead Regional Development
Commission
SUPPLEMENTAL INFORMATION:
Sample
Sample Depth Number Sample Description
3'(O.9 m) SL—4-l Light brown (7.5YR 4/4) coarse sand; single grained,
loose; some fine bedding.
7'(2.l m) SL-4-2 Light brown (u.5YR 4/4) coarse sand; single grained,
loose; some fine bedding.
PROFILE NUMBER: 5
LOCATION: South Park Point; T.49N., R.13W
SHORE TYPE: Erodible low plain
DATE OF COLLECTION: June 3, 1975
COLLECTORS: Minnesota Dept. of Natural Resources and Arrowhead Regional Development
Commission
SUPPLEMENTAL INFORMATION:
Sample
Sample Depth Number Sample Description
2'(O.6 m) SL-5—l Light brown (7.5YR 6/4) coarse sand; single grained;
loose; some fine bedding.
8'(2.4 m) SL—5—2 Same as SL—S—l.
PROFILE NUMBER: 6
LOCATION: let Avenue West
SHORE TYPE:
DATE OF COLLECTION: June 9, 1975
COLLECTORS: Minnesota Dept. of Natural Resources and Arrowhead RegionalDevelopment
Commission
SUPPLEMENTAL INFORMATION: Materials at this site could be dredged from the harbor,
since the entire area appeared to the collectors to be
fill material. Only about 0.9 m could be penetrated with
a hand auger as concrete boulders, wood, etc. were
encountered. The first 10 inches of the profile was
described as to soil characteristics, but no sample was
taken.
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PROFILE NUMBER:
Sample Depth
10-24"(25.4—6l.0
cm)
24-36"(61.0—
91.4 cm)
PROFILE NUMBER:
6(continued)
Sample
Number
SL-6-1
SL—6—2
Sample Description
Dark brown (lOYR 3/3) fine loamy sand; weak medium
subangular blocky structure; very friable.
Very dark grayish brown (lOYR 3/2) fine loamy sand;
weak medium subangular blocky structure.
LOCATION: 815: Avenue West, Duluth; NE 1/4, NE 1/4, Section 24, T49N, R15W
SHORE TYPE:
DATE OF COLLECTION: June 6, 1975
COLLECTORS: Minnesota Dept. of Natural Resources and Arrowhead Regional Development
Commission
SUPPLEMENTAL INFORMATION:
Sample Depth
2—34"(S.1-6l.4
cm)
44-80"+(lll.8—
203.2+ cm)
Sample site was reported to have been disturbed by the
collectors. The first 80 inches (203.2 cm) were describw
as to soil characteristics, although samples were not
taken from all depths.
Sample
Number
SL—7—l
SL—7—2
Sample Description
Weak red (lOYR 4/4) clay; strong moderate subangular
blocky structure; few hard carbonate concretions
ranging from 10 to 20 mm across; few 5 to 10" thick
seams of sand; slight effervescence with HCl.
Mixed materials consisting predominantly of reddish
brown clay with some dark reddish gray silt loam
surface and subsurface soil.
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ST. LOUIS PROFILE 1 (mg/kg dry weight)’
Sample Deyth (Number)
2—5"(SL-1~1)
10-25"(SL-1-2)
25—40"(SL—1~3)
5g—252"(_S_L-1-4)‘
252-430"(SL-1-5)
Parameter
Total
Extr.
Total
Extr.
'_1‘_otal
Excr.
Total
Extr.
Total
Extr.
Total Extr_._
  
 
TOtal Phosphorus
210
31
320
200
200
190
330
360
550
310
orthophosphate‘P
31
198
103
340
310
Total Kjeldahl Nitrogen
720
41
430
41
58
10
60
48
K36
29
Nitrate/Nitrite—N
26
27
6
7
8
Ammonia-N
20
25
K9
15
17
Total Organic Carbon
8500
400
4600
300
2500
200
3400
700
400
100
Calcium
1580
1440
5320
4150
54000
46700
32000
30600
13200
8700
Magnesium
3160
249
10500
1220
19600
5600
14000
5240
6870
1030
Sodium
K250
23.2
K250
61.4
890
48.1
560
68.8
659
96.7
Iron
10920
90. 3
25100
360
24000
K2
20300
165
21200
677
Manganese
259
8.4
585
11.9
630
92. 7
1.90
127
390
118
Aluminum
5670
521
21100
121.0
19800
4.0
10900
543
9300
755
Titanium
240
1.8
630
6.8
1220
K1
483
K1
1200
1.6
1 Total Solids (105"C)
36.6
80.8
82.4
82.8
92.0
Specific Gravity (20"C)
2.67
2.55
2.60
2.28
2.65
1
2
9
Boron
K150
K2
[(150
2. 0
K150
3. 8
K150
3. 7
K150
2 . 4
Barium
51
34.3
K50
116
180
27.5
120
55.6
74
11.9
Cadmium
K1
K1
K1
1 . 1
1
K1
K1
1 . 1
K1
1 . 0
Cobalt
K250
K2
K250
K2
K250
K2
K250
K2
K250
3.0
Chromium
K50
K1
K50
K1
K50
K1
K50
K1
160
o . 3
Copper
11
K1
K10
3.9
41
K1
36
3. 7
36
12. 7
Ho lybdenu-
K300
K5
K300
K5
K300
K5
K300
K5
K300
2.1.
head
9
K10
15
[Km
24
K10
16
K10
10
K3
Tin
K500
K10
[(500
K10
K500
K10
K500
K10
K500
K3
Vanadium
K100
K10
140
K10
207
K10
167
K10
1 70
K5
Yttrium
K20
Kl
K20
4.0
K20
K1
K20
5.4
K20
4.4
Zinc
K50
3.4
56
5.3
68
K1
54
4.6
61
18.7
*K indicates
"less
than" .
 
 1
3
0
   
ST. L
OUIS
PROFI
LE 2
(mg/k
g dr
y vel
ght)‘
Salple De
pth (Numb
er)
0—3"(SL-‘2
—1)
6-24"(SL—
2-2)
24—114"(S
L—2—3)
114—150"(
SL-2-4)
150—234"(
iL-2’5)
 
Fir-meter
Total E
xtr.
Total E
xtr.
Total E
xt'rv.‘
Total E
xtr.
Total E
xtr.
Total Ext
r.
Tot-1 Phospho
rus
1.30 95
1.90 380
1.70 1.10
580 510
500 31.0
Orthophoaphnt
c—P
90
380
410
540
320
Total Kjeldahl Nitrogen
2400 31 1.70
19 340 17
220 17 99
12
Nitrate/N
itrite—N
34
K6
K6
K6
8
A—ont
a-l
12
K9
10
K9
10
Total O
rganic
Carbon
29000
500
3000
200
1100
100
1500
K100
500
K100
Calcium
5460 4430
6840 8350
36300 37100
16500 14500
146000 3010
0
Magnesium
6260 663
11500 1 770
14900 4090
8800 1870
6800 1810
Sodium
K250 26.7
490 50.6
530 58.2
500 48.2
620 39.8
Iron
17700
80.4
27200
575
24600
824
22300
955
22300
2580
Manganese
420 52
. 5
550 64
. 7
540 1
54
460 1
64
410 4
64
Aluminum 10500 599 18800 1310 15800 979 10800 478 91.30 358
Titanium 1.90 2.1 550 7.0 700 1.6 870 2.9 1090 1.1.
2 Total Solids (105°C)
73.4 86.2
77.6 89.5
90.3
Specific Grav
ity (20°C)
2.0!.
2.51
2.07
2.20
2.76
Boron
K150 2.5 K150
2.1 K150 3.4
K150 3.1 K150
4.1.
Barium
104 62.1 191
109 173 84.7
109 20.9 66
12.0
Cadmlu- K1 1.1 K1 K1 K1 1.1 K1 1.2 K1 1.6
Cobalt K250 K2 K250 2.9 K250 2.8 K250 a . 3 K250 8. 3
Chromium K50 K1 K50 1 . 0 K50 1 . 5 K50 ‘(1 K50 1 . 0
Copper
24 1.4 49 6.2 43 5.1 38 16.8 41 12.5
Molybdenum K300 K5 K300 K5 K300 K5 K300 K5 K300 K2
Lead
28 K10 16 K10 18 K10 11 K10 10 K3
Tin K500 K10 K500 K10 K500 K10 K500 K10 K500 K3
Vanad
ium
130
K10
180
K10
210
K10
173
K10
180
K5
Yttr
iu-
K20
K1
K20
6.6
K20
7.0
K20
5.7
K20
7.6
Zinc
63
7.5
72
7.0
74
7.0
66
10.7
63
5.16
   
“X indicates "less than".
ST. LOUIS PROFILE 3 (mg/kg dry weight)*
 
 
Sample Depth (Number) 2—16"(SL—3—l) 16—30"(SL—3-2) 30~108"(SL-—3—3) 108—198"(SL-3—4) 198—234"(SL—3-5)
Parameter
Total Extr.
Total Extr.
Total Extr.
Total Extr.
Total Extr.
Total Extr.
Total Phosphorus
470
29
230
340
1.30
370
520
450
490
1.00
Orthophosphate-P
26
360
370
460
370
Total Kieldahl Nitrogen
890
20
220
23
240
19
160
11
11.0
14
Nitrate/Nitrite—N
16'
K6
K6
K6
7
Atalanta-N
10
12
9
9
K9
Total Organic Carbon
11000 200
2700 200
1400 100
400 K100
600 K100
C8161“!
4300
2950
3580 4040
25400 24700
15300 12900
18000
5120
Magnesium
4670
359
5860
1260
14300
4260
9000
1710
11700
652
Sodium
K250
25.5
K250
41.2
564
59.8
530
45.9
720
68
Iron
19500
162
19500
310
27300
173
25000
273
41400
433
Manganese
608
42.0
446
29.6
448
152
1.90
129
636
54.9
Aluminum
9830
500
10500
877
17350
680
11300
664
151.00
919
Titanium
930
2.3
302
3.7
825
x1
770
1.1.
1190
1.3
2 Total Solids (105°C)
85.3
83.8
79.0
84.4
88.1
Specific Gravity (20°C)
2.1.5
2.63
2.51
1.79
2.62
1
3
1
 
Boron
K150
K2
K150
2 . 2
K150
. 7
K150
K2
K150
K2
2
Barium
90
38.3
114
92.5
168
78.1
103
43.4
105
11.1
Cadmium
K1
K1
K1
K1
K1
K1
K1
K1
K1
K1
Cobalt
K250
K2
K250
K2
K250
2.0
K250
2.0
K250
K2
Chroniuln
K50
K1
K50
K1
K50
K1
K50
[(1
K50
K1
Copper
30
1.8
34
5.1
48
4.9
52
11.1
56
13.8
Molybdenum
K300
K5
K300
K5
K300
K5
K300
KS
K300
K5
Lead
15
K10
9
K10
17
K10
12
K10
14
K10
Tin
L500
K10
K500
K10
K500
K10
K500
K10
K500
K10
Van-din!!!
160
K10
163
K10
196
K10
170
K10
K100
K10
Yttrtun
K20
K1
K20
4.4
K20
4.7
K20
5.0
K20
4.3
Zinc
57
3.5
K50
5.5
80
6.9
71
5.7
73
5.3
*K
indicates
"less
than".
 
  
ST.
LOUIS
PROFILE
4
(mg/kg
dry
weight)*
  
Sample
Depth
(Number)
3'
(SL—b—l)
7' (SL—lo-Z)
~
Parameter
Total
Extr;
__Total
Extr.
Total
Extt.
Total
Extr.
Total
Extr.
Total
Extr.
   
Total
Phosphorus
130
120
120
90
Orthophoaphate-P
105
09
Total
Kjeldahl
Nitrogen
52
13
19
14
Nitrate/Nitrite-N
K6
3
Ammonia-N
K9
9
 
Total
Organic
Carbon
600
100
K300
K100
Calcium
575
A34
850
350
Magnesium
514
35.4
830
35.4
Sodium
31
9.4
K250
18.
7
Iron
3500
73.
7
5500
62.
1
 
Manganese
31
2.8
290
5.0
Aluminum
854
96
1330
88
Titanium
101
0.6
290
K1
Z
Total
Solids
(105°C)
96.7
83.9
Specific
Gravity
(20°C)
2.60
2.70
1
3
2
Boron
K15
K1
K150
K2
Barium
6
2.7
K50
3.6
Cadmium
K1
0
. 6
K1
K1
Cobalt
K25
Kl
K250
K2
Chromium
K5
K0.
3
K50
Kl
Copper
2
0.
5
K10
K1
Molybdenum
K30
K2
K300
K5
Lead
K5
K3
K5
K10
Tin
K50
K3
K500
K10
Vanadium
K10
KS
K100
K10
Yttrium
K2
0.5
K20
K1
Zinc
8
2
. 4
K50
2
. 9
*
K
i
n
d
i
c
a
t
E
s
"
l
e
s
s
t
h
a
n
"
.
 
ST. LOUIS PROFILE 5 (mg/kg dry weight)*
 
Sample Degth (Number) _2' (SL—Sjl) 8' (SL—S—Z)
    
Parameter
Total Extr. A Total Extr. Total Extr. —Tota1 Extr. Total Extr. —Tota1 Extr.
Total Phosphorus 170 100 100 5.3
Orthophosphate-P 100 52
Total Kjeldahl Nitrogen 38 11 45 13
Nitrate/Nitrite-N
6 x6
Ammonia-N
K9
K9
Total Organic Carbon
K300
K100
K300
K100
Calcium
945
303
1300 296
Magnesium
940 25.6
980 78.3
Sodium
K250 6.6 K250 6 . 1
Iron
30800 67. 1 10800 49. 6
Manganese
1514 7.0
167 6.8
Aluminum
1500 53 1600 58
Titanium
1060 0.6 339 0.5
7. Total Solids (105°C) 96.8
90.0
Specific Gravity (20°C)
2.70
2.65
1
3
3
Boron
K150
K1
K150
Kl
Barium
K50 3.9
K50 6.1
Cadmium
K1 K0. 5
K1 K0. 5
Cobalt
K250
K1
K250
Kl
Chromium
K50
K0. 3
1:90 K0. 3
Copper
K10
0. 3
K10
K0. 3
Molybdenum
K300
K2
K300
K2
Lead
K5
K3
K5
K3
Tin
K500
K3
K500
K3
Vanadium
106
K5
K100
K5
Yttrium
K20
0.8
K20
0.5
Zinc
K50
2. 5
199
2. 7
*K indicates "less than".
 
     
mu...» _,, . .M-
y; .... .‘
wbm...3__
-“..,l.
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mx‘eﬁr
x‘gug~
-mml .
,..,L..«,.
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ST. LOUIS PRO
FILE 6 (mg/kg
dry weight)*
Sam
ple
Dep
th
(Nu
mbe
r)
10—
24"
(SL
—6—
1)
A24
—36
"(S
L-6
—2)
Parame
ter
Total
Extr.
Total
Extt.
Total
Extr.
Total
Extr.
Total
Extr.
Total
Extr.’
Tota
l P
hosp
horu
s
360
230
300
190
Ort
hop
hoa
pha
te-
P
229
1é2
Tot
al
Kje
lda
hl
Nit
rog
en
520
25
1080
20
Nitrat
e/Nitr
ite-H
17
11
Ammoni
a—N
14
12
Total
Organi
c Car
bon
10000
200
12000
200
Calci
um
6500
3120
"5960
3310
Magne
sium
5050
1030
3440
1010
Sodium
290
22.6
K250
25.0
Iron
17500
1:24
15500
549
Mangan
ese
230
42.7
171
1&8.6
Aluminum
6090
382
14620
342
Titaniu
m
695
3.6
650
10.6
Z Tota
l Sol
ids (
105°C)
86.5
82.9
Specifi
c Gravi
ty (20°
C)
2.54
2.56
Boro
n
K150
2.5
K150
2.14
Barium
K50
16-6
K50
16.9
Cadmi
um
K1
K1
K1
1. 1
Cobalt
K250
2.1.
K250
2.5
Chromi
um
K50
K1
K50
K1
Copper
18
5.2
15
5.6
Molybde
nul
K300
K5
K300
K5
Lead
20 K1
0
15 K1
0
Tin
K500
K10
K500
K10
Vanadium
K100
K10
K100
K10
Yttrium
K20 2.2
K20 2.1
Zinc
K50 8.14
K50 9.8
*K indicates "less than".
 
1
.
3
5
 
Sample De
pth (Numb
er)
Parameter
Total P
hosphor
us
Orth
opho
apha
te—P
Total
Kjelda
hl Ni
trogen
Nitr
ate/
Nitr
ite—
N
Ammonia—N
Total Org
anic Carb
on
Cal
ciu
m
Magn
esiu
m
Sodium
Tron
Manganese
Alum
inum
Titaniu-
Z Tot
al So
lids
(105°
C)
Specific
Gravity (
20°C)
Boron
Barium
Cadmium
Cobalt
Chromium
Cop
per
Molybdenum
Le
ad
Tin
Vanadium
Yttrium
Zinc
2—36"(SL—7-1)
Total
4
1
0
330
22
00
217
00
21400
7&
0
69900
673
29800
700
75.3
2.
76
K150
29
0
K
1
K250
K55
5
5
K300
2
1
100
K20
8
9
Ext
r.
38
0
390
14
K6
10
K1
00
25200
36
10
60.9
201
158
934
K1
3.0
139
K1
K2
K
1
4
.
5
K
5
K10
K10
K10
6.4
4.1
ST. LOUIS PROFILE 7 (mg/kg dry weight)*
 
éé:§91£§k:l:21_
119521
36
0
2300
6600
135
00
690
51200
112
22600
1100
76.7
2.74
K150
210
K
1
K250
5
2
45
K300
1
5
K500
K100
K20
70
Ext
r.
150
167
25
8
9
30
0
3770
1280
81.5
259
71.0
1020
3.3
2.0
92
K1
K2
K
1
2.8
K
S
K10
K10
K10
2.0
6.
8
Total
Ext
r.
 
Total Ext
r.
- Tota1< Ext
r. T
otal
Extr.
 
*K indicates "less Egan".
  
DOUGLAS COUNTY, WISCONSIN
P
R
O
F
I
L
E
N
U
M
B
E
R
:
1
LO
CA
TI
ON
:
At
th
e
mo
ut
h
of
th
e
Br
ul
e
Ri
ve
r
(e
as
t
si
de
ne
ar
pa
rk
in
g
lo
t)
in
Se
ct
io
n
10
T.49N., RlOW.
S
H
O
R
E
T
Y
P
E
:
E
r
o
d
i
b
l
e
h
i
g
h
b
l
u
f
f
D
A
T
E
O
F
C
O
L
L
E
C
T
I
O
N
:
M
a
y
28
,
1
9
7
5
C
O
L
L
E
C
T
O
R
S
:
U
n
i
v
e
r
s
i
t
y
of
W
i
s
c
o
n
s
i
n
—
S
u
p
e
r
i
o
r
a
n
d
W
i
s
c
o
n
s
i
n
D
N
R
S
U
P
P
L
E
M
E
N
T
A
L
I
N
F
O
R
M
A
T
I
O
N
:
 
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
O
-
3
"
(
0
-
7
.
6
cm
)
D
—
l
-
l
A
h
o
r
i
z
o
n
.
8'
(2
.4
m)
D—
l—
2
Co
mp
os
it
e
cl
ay
sa
mp
le
.
PROFILE NUMBER: 2
LO
CA
TI
ON
:
At
te
rm
in
us
of
ro
ad
an
d
sh
or
el
in
e
in
Se
ct
io
n
18
,
T.
49
N.
,
R.
10
W.
SH
OR
E
TY
PE
:
Er
od
ib
le
hi
gh
bl
uf
f
DA
TE
OF
CO
LL
EC
TI
ON
:
Ma
y
28
,
19
75
CO
LL
EC
TO
RS
:
Un
iv
er
si
ty
of
Wi
sc
on
si
n—
Su
pe
ri
or
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Bl
uf
f
ed
ge
ap
pr
ox
im
at
el
y
50
fe
et
(1
5.
2
m)
ab
ov
e
la
ke
le
ve
l.
Na
rr
ow
be
ac
h
at
to
e
of
bl
uf
f,
ap
pr
ox
im
at
el
y
2
fe
et
(0
.6
m)
wi
de
wi
th
a
he
av
y
co
nc
en
tr
at
io
n
of
ma
g-
netite—illmenite.
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
0"
D—
2-
l
No
A
ho
ri
zo
n;
cl
ay
ex
te
nd
s
to
su
rf
ac
e.
12
'(
3.
7
m)
D-
2—
2
Cl
ay
at
su
rf
ac
e;
sa
mp
le
si
te
ap
pr
ox
im
at
el
y
12
fe
et
(3.6 m) below bluff edge.
136
PR
O
F
I
L
E
N
U
M
B
E
R
:
3
LOCAT
ION:
At th
e te
rminu
s of
Peter
son R
oad a
nd th
e lak
eshor
e in
Secti
on 28
, T.
49N.,
R. 11W.
DATE OF COLLECTION: May 28, 1975
CO
LL
EC
TO
RS
:
Un
iv
er
si
ty
of
Wi
sc
on
si
n—
Su
pe
ri
or
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Sa
mp
le
at
ba
se
of
bl
uf
f.
SH
OR
E
TY
PE
:
Er
od
ib
le
hi
gh
bl
uf
f.
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
0“ D-3—l A horizon; black soil.
10
3(
3.
0
m)
D—
3—
2
Cl
ay
,
in
pl
ac
e.
P
R
O
F
I
L
E
N
U
M
B
E
R
:
4
LO
CA
TI
ON
:
Ea
st
of
ro
ad
te
rm
in
us
in
Se
ct
io
n
35
,
T.
49
N.
,
R.
13
w.
SH
OR
E
TY
PE
:
Er
od
ib
le
hi
gh
bl
uf
f
DA
TE
OF
CO
LL
EC
TI
ON
:
Ma
y
28
,
19
75
CO
LL
EC
TO
RS
:
Un
iv
er
si
ty
of
Wi
sc
on
si
n-
Su
pe
ri
or
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Sa
nd
be
ac
h
ap
pr
ox
im
at
el
y
9
fe
et
(2
.7
m)
wi
de
at
to
e
of
bluff.
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
0"
D—
4—
l
No
so
il
ho
ri
zo
ns
;
cl
ay
ex
te
nd
s
to
su
rf
ac
e.
10
'
(3
.0
m)
D—
4—
2
Cl
ay
.
137
   
1
3
8
Sa
mp
le
De
pt
h
(N
um
be
r)
 
Pa
ra
me
te
r
To
ta
l
Ph
os
ph
or
us
Or
th
op
ho
ap
ha
te
—P
To
ta
l
Kj
el
da
hl
Ni
tr
og
en
Ni
tr
at
e/
Ni
tr
it
e—
N
Am
mo
ni
a—
N
Tot
al
Org
ani
c
Car
bon
Ca
lc
iu
m
Ma
gn
es
iu
m
Sod
ium
Iron
Mang
anes
e
Al
um
in
um
Ti
ta
ni
um
Z T
ota
l S
oli
ds
(10
5”C
)
Spe
cif
ic
Gra
vit
y
(20
°C)
Boron
Bar
ium
Cad
miu
m
Cob
alt
Ch
ro
mi
um
Cop
per
Mol
ybd
enu
m
Le
ad
Tin
Vana
dium
Yt
tr
iu
m
Zinc
*K
in
di
ca
te
s
"l
es
s
th
an
"
DO
UG
LA
S
mo
ms
1
(mg
/kg
dry
we
ig
ht
)*
o—3
"(D
—1-
#1)
_V
3'
(9-
1-2
)
Tot
al
Ex
tr
ri
VT
ot
al
38
0
26
42
0
25
250
0
30
180
28
K
9
22
00
0
10
00
26
00
255
0
237
0
240
00
47
20
605
191
00
K2
50
47
.3
610
211
00
110
42
50
0
406
10.
6
577
95
60
47
4
23
10
0
25
3
2.
5
53
0
81.
2
67
.4
2.
18
2.
73
K15
0
K2
K15
0
115
65.
8
260
K25
0
K2
K25
0
K50
Kl
K50
17
1.8
46
K30
0
K5
K30
0
34
K10
21
K50
0
K10
K50
0
K1
00
K1
0
K1
00
K20
K1
K20
K50
9.2
74
th
r.
410
42
0
43
K6
24
K100
238
00
4470
15
4
24
0
123
772
K
l
2.3
12
8
K1
K2
K1
4.1
K5
K1
0
K10
K10
5.
6
5.
2
Tot
al
Ext
r.
Total
Ext
r.
Total
Extr.
To
ta
l
Ex
it
.
  
]
.
3
9
Sam
ple
Dep
th
(Num
ber
)
Para
mete
r
Tota
l P
hosp
horu
s
Orth
opho
spha
te-P
Tot
al
Kje
lda
hl
Nit
rog
en
Nitr
ate/
Nitr
ite-
N
Ammo
nia—
N
Total Org
anic Carb
on
Ca
lc
iu
m
Magn
esiu
m
Sodium
Iron
Manganese
Alum
inum
Tita
nium
Z Tot
al So
lids
(105°
C)
Specific
Gravity (
20°C)
Boron
Bar
ium
Cadmium
Cobalt
Chromium
Copper
Molybdenum
Le
ad
Tin
Vanadium
Yttrium
Zinc
*K indicates "less Egan"
0"(D-
2-1)_
Tot
al
42
0
53
0
4900
44
00
10900
K250
349
00
520
19000
270
7
7
.
4
2.73
K150
21
0
K1
K2
50
K50
3
7
K300
1
5
K500
K100
K20
K5
0
Ext
ri—
12
11
22
1
0
K
9
300
3340
1780
27.5
296
21.1
1030
5.
0
K2
105
1.1
2.1
K1
3.9
K
5
K10
K10
K10
K
1
4.1
DOUGLA
S PRO
FILE
2 (mg/
kg dr
y weig
ht)*
12'
(D—
2—2
)
 
TotalV
400
140
500
26300
18300
610
377
00
585
19
40
580
72
.6
2.62
K150
21
0
K1
K250
K50
42
K300
19
K500
K100
K20
68
Ext
r.
36
0
370
1
8
K6
1
4
K1
00
19600
45
30
71.6
229
151
600
4.
0
11
4
1.
2
K2
K10
5.
2
5
.
8
Total Ext
r.
Total
Ext
r.
Total Ext
r.
 
‘TSFETTSETT—
1
4
0
 
S
a
m
p
l
e
De
pt
h
(N
um
be
r)
__
__
__
__
__
__
_-
——
——
——
--
Pa
ra
me
te
r
_
_
_
_
_
_
’
_
_
_
_
_
_
_
_
.
_
.
.
—
-
—
—
-
—
—
T
o
t
a
l
P
h
o
s
p
h
o
r
u
s
O
r
t
h
o
p
h
o
s
p
h
a
t
e
-
P
T
o
t
a
l
K
j
e
l
d
a
h
l
N
i
t
r
o
g
e
n
N
i
t
r
a
t
e
/
N
i
t
r
i
t
e
~
N
A
m
m
o
n
i
a
—
N
To
ta
l
Or
ga
ni
c
Ca
rb
on
C
a
l
c
i
u
m
M
a
g
n
e
s
i
u
m
So
di
um
Iron
Ma
ng
an
es
e
Al
um
in
um
Ti
ta
ni
um
1
To
ta
l
So
li
ds
(1
05
°C
)
Sp
ec
if
ic
Gr
av
it
y
(2
0°
C)
Bo
ro
n
Ba
ri
um
Ca
dm
iu
m
Co
ba
lt
Ch
ro
mi
um
Cop
per
Mo
ly
bd
en
um
Le
ad
Ti
n
Va
na
di
um
Yt
tr
iu
m
Zinc
 
0"
(D
—3
—1
)
E
x
t
r
.
 
To
ta
l
36
0
26
00
280
00
3
2
0
0
6
0
6
0
K2
50
2
9
0
0
0
453
16
90
0
2
1
0
7
1
.
0
2.
01
K1
50
K
5
0
Kl
K250
K1
0
K
3
0
0
20
K5
00
K1
00
K2
0
70
 
1
2
1
0
6
0
1
2
3
6
600
2
8
2
0
72
2
15
.0
16
1
16
.2
13
30
2
.
1
K
2
10
3
K1
K2
K
1
K
1
K
5
K10
K10
K1
0
K1
6.3
 
To
ta
l
66
0
16
0
2
3
0
0
4
5
1
0
0
20
10
0
70
0
36
20
0
649
20
40
0
88
8
77
.7
2.
55
K
1
5
0
21
7
K1
K2
50
K5
0
4
7
K3
00
2
2
K
5
0
0
K1
00
K2
0
6
8
10
'(
D—
3—
2)
Ex
tr
.
3
4
0
33
0
K10
K6
K
9
K1
00
312
00
5
3
9
0
8
6
5
8
.
6
109
38
7
Kl
4.2
7
6
K1
K2
1.7
1.
2
5
.
0
K10
22
.5
K10
5.
2
2.
6
 
*
K
i
n
d
i
c
a
t
e
s
"
l
e
s
s
t
h
a
n
"
.
 
T
o
t
a
l
_
k
i
x
t
r
.
DO
UG
LA
S
PR
OF
IL
E
3
(m
g/
kg
dr
y
we
ig
ht
)*
 
Tot
al
’
_
.
_
_
.
_
—
—
—
—
Ex
tr
.
 
To
ta
l
 
Ex
tr
.
To
ta
l
t
h
r
.
.
_
.
_
_
_
_
_
.
_
_
.
_
_
—
—
—
-
—
—
DO
UG
LA
S
PR
OF
IL
E
A
(mg
/kg
dry
we
ig
ht
)*
Sa
mp
le
De
pt
h
(N
um
be
r)
0"
(0
-4
—1
)
10'
(—0
—4—
2)
  
 
 
Pa
ra
me
te
r
Tot
aAl
-
Ext
r.
Tot
al
Ext
r.
Tot
al
Ext
r.
Tot
al
"E
xtr
.
To
ta
l
Ext
r.
To
ta
l
Ext
r.
To
ta
l
Ph
os
ph
or
us
24
0
14
0
14
60
4/
.0
Ort
hop
hos
pha
te-
P
140
MO
Tot
al
Kje
lda
hl
Nit
rog
en
191
0
27
500
70
Nit
rat
e/N
itr
ite
-N
K6
K6
Amm
oni
a-N
ll:
18
Tot
al
Org
ani
c
Car
bon
400
0
300
280
0
K10
0
Cal
ciu
m
327
0
329
0
363
00
321
.00
Mag
nes
ium
112
00
177
0
239
00
611
0
Sod
ium
K25
0
64.
1
940
192
Iro
n
383
00
1610
A59
00
221
Man
gan
ese
450
14.
1
720
164
Al
um
in
um
21
50
0
91
9
26
80
0
75/
:
Ti
ta
ni
um
26
0
4.
8
71
5
K1
7:
To
ta
l
So
li
ds
(1
05
°C
)
82
.7
70
.9
Spe
cif
ic
Gra
vit
y
(20
°C)
2,7
3
2.6
3
1
4
1
Bo
ro
n
K1
50
K2
K1
50
3 .
0
Bar
ium
197
105
71»
9S
Cad
miu
m
K1
Kl
K1
K1
Cob
alt
K25
0
K2
K2 5
0
2 . 0
Ch
ro
mi
um
K50
Kl
SS
1 .
4
Cop
per
40
2.3
51;
5.0
Moly
bden
um
K300
K5
K300
K5
Lead
110
K10
214
K10
Tin
[600
K10
K500
K10
Va
na
di
um
K10
0
K10
K1
00
K10
Ytt
riu
m
K20
2.1
K20
6.6
Zin
c
5 3
4 . 7
8h
1A .
0
*K
ind
ica
tes
"le
ss
tha
n".
   
CH
IP
PE
WA
CO
UN
TY
,
MI
CH
IG
AN
P
R
O
F
I
L
E
N
U
M
B
E
R
:
1
LO
CA
TI
ON
:
At
Wh
it
ef
is
h
Po
in
t;
ap
pr
ox
im
at
el
y
NW
1/
4,
SE
1/
4,
Se
c.
32
,
T5
1N
,
R5
W.
SH
OR
E
TY
PE
:
No
n—
er
od
ib
le
lo
w
bl
uf
f
(D
es
pi
te
th
is
cl
as
si
fi
ca
ti
on
as
si
gn
ed
by
th
e
U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s,
th
er
e
is
ev
id
en
ce
th
at
th
is
bl
uf
f
erodes.)
DA
TE
OF
CO
LL
EC
TI
ON
:
Ju
ne
23
—2
5,
19
75
CO
LL
EC
TO
RS
:
Un
iv
er
si
ty
of
Mi
ch
ig
an
Co
as
ta
l
Zo
ne
La
bo
ra
to
ry
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Wa
te
r
ta
bl
e
at
ap
pr
ox
im
at
el
y
20
0
cm
.
Sa
mp
le
O3
3—
4—
4
taken from face of bluff.
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
0—
27
"(
0-
68
.6
cm
)
03
3—
4-
1
Cl
ho
ri
zo
n;
wh
it
e
(l
OY
R
8/
2)
sa
nd
;
si
ng
le
gr
ai
ne
d;
lo
os
e;
hi
gh
pr
op
or
ti
on
of
da
rk
mi
ne
ra
ls
;
st
ro
ng
ly
ac
id
;
ab
ru
pt
sm
oo
th
bo
un
da
ry
.
27
—3
5"
(6
8.
6—
03
3-
4—
2
C2
ho
ri
zo
n;
ve
ry
pa
le
br
ow
n
(l
OY
R
7/
3)
sa
nd
;
si
ng
le
88
.9
cm
)
gr
ai
ne
d;
lo
os
e;
st
ro
ng
ly
ac
id
;
ab
ru
pt
sm
oo
th
bo
un
da
ry
.
35
-6
0"
(8
8.
9-
03
3—
4-
3
C3
ho
ri
zo
n;
wh
it
e
(1
0
YR
8/
1
&
8/
2)
sa
nd
;
si
ng
le
15
2.
4
cm
)
gr
ai
ne
d;
lo
os
e;
hi
gh
pr
op
or
ti
on
of
da
rk
mi
ne
ra
ls
;
strongly acid.
0-
60
"(
O-
15
2.
4
cm
)
03
3-
4—
4
C3
ho
ri
zo
n;
st
ra
ti
fi
ed
wh
it
e
(l
OY
R
8/
2
&
8/
1)
an
d
ve
ry
pa
le
br
ow
n
(l
OY
R
7/
3)
sa
nd
;
si
ng
le
gr
ai
ne
d;
10
03
a
va
ry
in
g
pr
op
or
ti
on
s
of
da
rk
mi
ne
ra
ls
in
di
ff
er
en
t
strata; strongly acid.
PROFILE NUMBER: 2
LO
CA
TI
ON
:
At
Pa
ra
di
se
at
en
d
of
M—
12
3
Ex
te
nd
ed
(b
eh
in
d
Cu
rl
y'
s
Mo
te
l)
;
SE
1/
4,
SE
1/
4,
Se
ct
io
n
22
,
T4
9N
,
R6
W.
SH
OR
E
TY
PE
:
Er
od
ib
le
lo
w
bl
uf
f
DA
TE
OF
CO
LL
EC
TI
ON
:
Ju
ne
23
—2
5,
19
75
CO
LL
EC
TO
RS
:
Un
iv
er
si
ty
of
Mi
ch
ig
an
Co
as
ta
l
Zo
ne
La
bo
ra
to
ry
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Wa
te
r
ta
bl
e
be
lo
w
20
0
cm
.
Sa
mp
le
s
O3
3—
3-
7
an
d
03
3-
3-
8
taken from face of bluff.
  
Sample
Sam
ple
Dep
th
Num
ber
Sam
ple
Des
cri
pti
on
0-2
"(0
—5.
l
cm)
033
—3-
1
Al
hor
izo
n;
bla
ck
(lO
YR
2/1
)
san
d;
ver
y
wea
k
fin
e
granular structure; very friable; very strongly
acid; abrupt smooth boundary.
2-1
2"(
S.l
—
033
—3—
2
A21
hor
izo
n;
lig
ht
gra
y
(10
YR
7/2
) s
and
;
sin
gle
30.
5 c
m)
gra
ine
d;
loo
se;
ver
y s
tro
ngl
y a
cid
;
gra
dua
l w
avy
boundary.
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il
r—
—_
—a
II
 PROFILE NUMBER: 2(Continued)
Sample
Sample DeBth Number Sample DescriBtion
12—36"(30.5— O33—3—3 A22 horizon; light yellowish brown (lOYR 6/4) sand;
91,4 cm)
single grained; loose; very strongly acid; gradual
wavy boundary.
36-44"(91.4— 033-3-4 A23 and Bl horizon; very pale brown (lOYR 7/3)(A)
111.8 cm) and brown (7.5YR 5/4)(B) fine sand; single grained;
loose; very strongly acid; gradual wavy boundary.
44-50"(111.8— 033—3—5 B2 horizon; dark brown (7.5YR 4/4) fine sand; single
x127.0 cm) grained; loose; strongly acid; abrupt wavy boundary.
50—62"(127.0— 033—3—6 C1 horizon; light yellowish brown (lOYR 6/4) fine
157.5 cm) sand; single grained; loose; strongly acid.
0—26"(0-66.0 cm) 033—3—7 C1 horizon; light yellowish brown (lOYR 6/4) fine
sand; single grained; loose; very strongly acid;
gradual wavy boundary.
26-60”(66.0— O33—3-8 C2 horizon; light gray (lOYR7/2) fine sand; single
152.4 cm) grained; loose; very strongly acid.
PROFILE NUMBER: 3
LOCATION:
SHORE TYPE: Erodible low plain
DATE OF COLLECTION: June 23—25, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Water table at about 100 cm.
Sample
Samgle DeEth Number Samgle DescriEtion
0—28
"(0—
71.1
cm)
033—
2—1
Cl h
oriz
on;
whit
e (l
OYR
8/2)
coar
se s
and;
sing
le
grained; loose; slightly acid; abrupt smooth boundary.
28-6
0"(7
l.1—
033-
2—2
C2 h
oriz
on;
yell
ow
(lOY
R 7/
6) c
oars
e sa
nd;
sing
le
152
.4
cm)
gra
ine
d;
loo
se;
sli
ght
ly
aci
d.
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East of Paradise; on line between Section 14 and 15, T47N, R5W, at shoreline.
  
1
4
4
 
Sa
mg
le
De
pt
h
SN
um
be
r)
Pa
ra
me
te
r
To
ta
l
Ph
os
ph
or
us
O
r
t
h
o
p
h
o
s
p
h
a
t
e
—
P
To
ta
l
Kj
el
da
hl
Ni
tr
og
en
N
i
t
r
a
t
e
/
N
i
t
r
i
t
e
-
N
Am
mo
ni
a—
N
To
ta
l
Or
ga
ni
c
Ca
rb
on
C
a
l
c
i
u
m
Ma
gn
es
iu
m
So
di
um
Ir
on
Mang
anes
e
Al
um
in
um
Ti
ta
ni
um
2
To
ta
l
So
li
ds
(1
05
°C
)
Sp
ec
if
ic
Gr
av
it
y
(2
0°
C)
Bor
on
Ba
ri
um
Ca
dm
iu
m
C
o
b
a
l
t
Ch
ro
li
um
Cop
per
Mo
ly
bd
en
um
Le
ad
Ti
n
Va
na
di
um
Yt
tr
iu
m
Zi
nc
 
7
7
K3
8
K3
00
2
9
0
2
5
0
K250
8
8
4
0
4
1
3
8
9
2
2
0
9
7
.
9
2.79
K50
K
1
K2
50
K10
K3
00
K5
00
K
1
0
0
K10
K50
27—35"(
033-4~2
)
0-
27
"(
03
3—
4—
1)
_
Tot
ai
To
ta
1‘
_
Ex
tr
.
__
’_
_'
__
__
_-
__
..
_—
——
——
-—
—
 
2
8
24
16
6
K9
200
10
6
6.
1
1
5
.
9
0
.
4
19
.9
K0.3
K
1
0.
7
K0
.5
K
1
K0
.3
K0
.3
K2
K3
K
3
K5
K0.3
2.
0
 
49
K37
K3
00
143
17
8
K25
35
00
1
6
29
7
9
4
97
.9
2.
77
K15
K5
K1
K25
K
5
K1
K30
K
5
K5
0
K1
0
K2
K
5
Ex
tr
.
15
12'
10
6
K
9
K1
00
7
4
11
.0
1
6
.
4
0.3
19
.1
K0
.3
K1
0.9
K0.5
K1
K0.3
K0
.3
K2
K3
K
3
K5
K0
.3
1
.
7
 
35
—6
0"
(9
_3
3-
4-
3)
 
To
ta
l
140
11
0
50
0
460
28
6
K2
50
1
5
3
0
0
K1
50
480
39
0
9
6
.
9
2.
84
K1
50
K50
K1
K2
50
K50
K10
K3
00
K5
00
K100
K20
K50
 
CH
IP
PE
WA
PR
OF
IL
E
1
(m
g/
kg
dr
y
we
ig
ht
)*
E
x
t
r
.
4
0
3
9
1
6
6
K9
K1
00
15
4
8
.
0
2
0
.
4
0.
7
25
.2
K0
.3
K1
1.
2
K0
.5
K1
K0
.3
K0.3
K2
K3
K3
K
5
K0.3
3.5
__
__
_’
_,
__
’.
——
—
0
-
6
0
"
(
0
3
3
—
4
—
4
)
’_
__
__
__
_,
__
__
_.
——
To
ta
l
92
67
K3
00
67
2
40
6
K2
50
28
50
0
1
3
4
68
0
899
9
7
.
1
2
.
5
4
K1
50
K5
0
K1
K250
28
0
K10
K3
00
K
5
K5
00
11
4
K20
K50
E
x
t
r
.
3
4
3
4
1
1
K6
K
9
K1
00
14
8
9.
5
1
9
.
0
1.
0
22
.2
K0
.3
K1
1.
3
K0.5
K1
K0.3
K0.3
K2
K3
K3
K5
K0
.3
1.5
_
,
_
_
_
.
,
_
,
_
  
Tot
al
Ex
tr
.
To
ta
l
Ex
tr
.
*K
ind
ica
tes
"le
ss
tha
n"
 
 
1
4
5
CHIPPEHA
PROFILE 2
(mg/kg dr
y weight)
*
Syn De
gth (Numb
er) _
0_—2"(03_3-4
3.;1)A#
2—12"(QB.’
t3—2)
12:3ﬁ"_(ﬂ_’
13—.3—3)
36:4. "
Parame
ter
Total
Extr.
Total
Extr.
Total
Extr.
»
Total
44—SO"
(033-3
—5)
50—62"
(033-3
—6)
 
Tota
l
Extr
.
Tota
l Ex
tr.
 
Total phospho
rus
110 27
32 7
23 12
40 37
72 66
94 48
Orthophosphat
e-P
24
I2
11
36
66
43
Total K
Jeldahl
Nitroge
n
900
1.2
19
15
25
21
26
20
68
38
120
31
Nitrate
/Nitrit
e-N
12
8
7
7
K6
K6
Ammonia—N
29
10
K9
K9
K9
K9
Total Organic
Carbon
13000 200
800 K100
600 200
1000 600
1800 1300
1000 500
Calcium
297 4
25
24 5
8
55 4
1
92 3
0
133
56
143 101
Magnesium
51 2
8
20 1
2
57 7.
1
147 5
.4
262 5
.6
198 6.5
Sodium
K25
l9
K25
8
K25
11
K25
6
K25
10
K25 5
Iron
1015 24.2
480 5.2
468 14.8
552 68.1
880 101
695 42.7
Manganese
K15 2.1 K15
K0.3 K15 K0.3
K15 K0.3 18
1.8 K15 1.2
Aluminum
538 410
137 30.8
21.5 69.4
636 308
1039 483
702 275
Titanium
39 0.3
26 K0.3
48 0.6
78 3.3
37 5.1.
51 2.0
2 Total Solid
s (105°C)
89.8
97.7
96.9
96.3
91.5
96.1
Specifi
c Gravi
ty (20°
C)
2.69
2.80
2.63
2.67
2.69
2.77
Boron
K15 K1
K15 K1
K15 K1
K15 K1
K15 K1
K15 K1
Barium
18 16.8
K5 K0.3
K5 0.1.
K5 0.9
K5 2.6
K5 2.0
Cad-tun
K1 0.
7
K1 K0.
5
K1 K0.
5
K1 0.
5
K1 0
.6
K1 K0 . 5
Cobalt
K25 K1
K25 K1
K25 K1
K25 K1
K25 K1
K25 K1
Chromlull
K5 [(0. 3
KS [(0. 3
K5 K0. 3
K5 0.4
K5 0.4
K5 K0. 3
Copper
2.0 K0.3
K1 K0.3
K1 K0.3
K1 0.4
K1 0.3
Kl K0.3
Molybdenum
K30 K2
K30 K2
K30 K2
K30 K2
K30 K2
K30 K2
Lead
K5 K3
K5 IK3
K5 K3
K5 K3
K5 K3
K5 K3
Tin
K50 K3
[(50 K3
K50 K3
K50 K3
K50 K3
K50 K3
Vanadium
[(10 [(5
K10 K5
K10 K5
K10 K5
K10 K5
K10 K5
Yttriul
K2 K0.3
K2 K0.3
K2 K0.3
K2 K0.3
K2 K0.3
K2 K0.3
Zinc
B 31
[(5 2.9
K5 1.6
K5 2.2
K5 2.2
K5 1.5
*K indicates "less than".
  
 CHIPPE
WA PR
OFILE
2 (mg/
kg dry
weight
)* co
ntinue
d
 
8%l
e D
eEth
gNum
ber)
0-26
"(03
3_3—
7)
_~_
V
Total Extr. Total
Extr. Total Extr.
Total Extr. Total
Extr. Total Excr,
Tota
l Ph
osph
orus
98
59
Orth
opho
spha
te—P
58
Total
Kjeld
ahl N
itrog
en
S9
23
Nitr
ate/
Nitr
ite-
N
6
Ammonia
-N
K9
  
Tota
l Or
gani
c Ca
rbon
1000
680
Cal
ciu
m
199
144
Magnesium
218 9.2
Sodium K25 5
Iron 68h 49.3
Manganese
K15 1.2
Aluminum 722 295
Titanium
57 2.6
1 Total Solids (105°C) 95.7
Specific Gravity (20"C)
2.84
1
4
6
Boron
K15
Kl
Barium
KS
1.3
Cadmium
K1
K0.5
Cobalt
[25
K1
 
Chromium
K5 K0.
3
Copper
K1 K0.
3
Molybdenum
K30
K2
Lead
K5
K3
Tin
K50
K3
 
Vanadiu
m
K10
K5
Yttrium
K2 K
o_3
Zinc
K5
1.1
*K indicates "less than".
                                                             
CHIPPEWA PROFILE 3 (mg/kg dry weight)*
Sample Depth (Number)
0—28"(033-2-l)_ A28-60"
(033-2—2)
_.
Parameter
Total E
xtr.
Total E
xtr.
Total E
xtr.
Total E
xtr.
Total E
xtr.
Total Ext
r.
 
Total Phosphorus 18 11 1.5 16
Orthophosphate~P ll 15
Total Kjeldahl Nitrogen K35 12 23 ll
Nitrate/Nitrite-N 7 K6
Armenia—N 9 K9
Total Organic
Carbon
500 K100
600 200
Calcium
275 91 21].
135
Magnesium
174 9.3 87
9.4
Sodium
24 5
[(25 10
Iron
1550 9.0 1280 31.4
Manganese 18 2 . 0 US 0 . 1;
Aluminum 3610 13 . 3 3014 79 . 5
Titanium 62 K0.3 26 [(0.3
1 Total Solid
s (105"c)
98.6
96.1
Specific Gravity (20°C) 2.63 2.71
1
4
7
30ron
K15 K1 K15 [(1
Bari um
KS 0 . 8
K5 1 . 0
Cadmium
Kl
K0 . 5
K1
K0 . S
Cobalt
K25
Kl
K25
Kl
Chromium
K5
K0. 3
K5
K0. 3
Copper
[1
KO. 3
K1
K0. 3
Molybdenum
U0
K2
K30
[(2
lead
K5
K3
K5
K3
Tin
L50
K3
K50
K3
Vanadium
K10
KS
K10
K5
Yttrium
K2
K0.3
K2
[(0.3
Zinc
K5
8. 6
K5
1. 8
*K indicates "less than".
  
BROWN COUNTY, WISCONSIN
P
R
O
F
I
L
E
N
U
M
B
E
R
:
2
LO
CA
TI
ON
:
T.
24
N,
R.
21
E,
S
e
c
t
i
o
n
23
,
SW
1/
4
SH
OR
E
TY
PE
:
We
tl
an
d
la
ke
wa
rd
/e
ro
di
bl
e
lo
w
pl
ai
n
la
nd
wa
rd
D
A
T
E
O
F
C
O
L
L
E
C
T
I
O
N
:
M
a
y
23
,
1
9
7
5
CO
LL
EC
TO
RS
:
Wi
sc
on
si
n
De
pt
.
of
Na
tu
ra
l
Re
so
ur
ce
s
an
d
Ce
nt
er
fo
r
Gr
ea
t
La
ke
s
St
ud
ie
s
U
n
i
v
e
r
s
i
t
y
of
W
i
s
c
o
n
s
i
n
-
M
i
l
w
a
u
k
e
e
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Pr
of
il
e
1
wa
s
a
la
nd
fi
ll
an
d
ri
p—
ra
p
be
rm
an
d
no
sa
mp
le
wa
s
co
ll
ec
te
d.
Pr
of
il
e
si
te
wa
s
re
po
rt
ed
to
be
a
st
ab
le
slope.
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
8'
(2
.4
m)
B—
2-
1
Up
pe
r
sl
op
e;
no
ot
he
r
in
fo
rm
at
io
n
av
ai
la
bl
e.
8'
(2
.4
m)
B—
2—
2
Lo
we
r
sl
op
e;
no
ot
he
r
in
fo
rm
at
io
n
av
ai
la
bl
e.
PROFILE NUMBER: 3
LO
CA
TI
ON
:
T.
24
N,
R.
21
E,
Se
ct
io
n
12
,
NW
1/
4.
SH
OR
E
TY
PE
:
No
n-
er
od
ib
le
lo
w
pl
ai
n
DA
TE
OF
CO
LL
EC
TI
ON
:
Ma
y
23
,
19
75
CO
LL
EC
TO
RS
:
Wi
sc
on
si
n
De
pt
.
of
Na
tu
ra
l
Re
so
ur
ce
s
an
d
Ce
nt
er
fo
r
Gr
ea
t
La
ke
s
St
ud
ie
s
Un
iv
er
si
ty
of
Wi
sc
on
si
n—
Mi
lw
au
ke
e
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Pr
of
il
e
de
sc
ri
be
d
as
a
te
rr
ac
e.
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
3'
(0
.9
m)
B—
3—
l
Bl
ac
k
sa
nd
y
cl
ay
an
d
or
ga
ni
c
ma
te
ri
al
.
3'
(0
.9
m)
B—
3—
2
Sa
me
as
B-
3—
1;
no
ot
he
r
in
fo
rm
at
io
n
av
ai
la
bl
e.
PROFILE NUMBER: 4
LO
CA
TI
ON
:
T.
25
N,
R.
21E
,
Se
ct
io
n
36,
SE
1/4
.
SH
OR
E
TY
PE
:
We
tl
an
d
la
ke
wa
rd
/e
ro
di
bl
e
lo
w
pl
ai
n
la
nd
wa
rd
DA
TE
OF
CO
LL
EC
TI
ON
:
Ma
y
23
,
19
75
CO
LL
EC
TO
RS
:
Wi
sc
on
si
n
De
pt
.
of
Na
tu
ra
l
Re
so
ur
ce
s
an
d
Ce
nt
er
fo
r
Gr
ea
t
La
ke
s
St
ud
ie
s
Un
iv
er
si
ty
of
Wi
sc
on
si
n—
Mi
lw
au
ke
e
SUP
PLE
MEN
TAL
INF
ORM
ATI
ON:
Pro
fil
e
sit
e d
esc
rib
ed
as
a b
eac
h.
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PROFILE NUMBER:
4(continued)
Sample
Sample
Depth
Number
Sample
Description
2'(0.6
m)
B-A-l
Beach
sand;
vegetated;
no
other
information
available.
PROFILE NUMBER: 5
LOCATION:
T.
25N,
R.
22E,
Section 14,
SE 1/4.
SHORE TYPE: Non—erodible high bluff
DATE OF COLLECTION: May 23, 1975
COLLECTORS:
Wisconsin Dept.
of Natural Resources and Center for Great Lakes Studies,
University of Wisconsin-Milwaukee
SUPPLEMENTAL
INFORMATION:
Profile
site
described
as
10
inches
soil
over
bedrock
bluff.
Sample
Sample
Depth
Number
Sample Description
0-10"(O—25.4 cm) B—S—l Silty loam.
0—10”(0—25.4
cm)
B—5—2
Silty loam; no other information available.
PROFILE NUMBER: 6
LOCATION: T. 25N, R. 22E, Section 13, NE 1/4.
SHORE TYPE: Erodible low bluff
DATE OF COLLECTION: May 23, 1975
COLLECTORS:
Wisconsin Dept. of Natural Resources and Center for Great Lakes Studies,
University of Wisconsin—Milwaukee
SUPPLEMENTAL INFORMATION:
Profile site described as a stable slope with 3-foot
(0.9 m) bluff; this bluff height is inconsistent with
reported sampling depth of 0 to 10" (0 to 25 cm); no other
information available.
Sample
Sample Depth Number Sample Description
70'(21.3 m) B-6—l Beach sand on calcarious red clay.
70'(21.3 m) B—6—2 Same as 3-6-1.
  
 
 BROWN PRO
FILE 2 (
mg/kg dry
weight)*
  
Sample Depth (Number) 8'(B—2— 1) V
8'(B—2~2)
15"(3—2—3)
Parameter
Total Exu. Total Eur. “focal Extr. Total Extr. _Total Extr. n ATotal Ext};
   
Total Phosphorus [400 680 280 160 720 570
Orthophosphate-P
670
' 167
570
Total Kjeldahl Nitrogen 1800 11 130 K10 3600 53
Nitrate/Nitrite-N
11.
K6
18
Ammonia-N
12 I
K9
17
Total Organic Carbon
16000
400
3200 K100
26000
300
Calcium
29400 10500
20600 13900
10400
5680
Magnesium
1 7900 4190
14000
6190
4400
1190
Sodium
K250
31.1
K250
19.3
K250
52.6
Iron
15800
78. 4
8900
274
6850
158
Manganese
500
119
.162 48. 3
K150
11. 5
Aluminum
5600 573
2360 160
2330 467
Titanium
160 0.4
230 0.6
95
K1
Z Total Solids (105°C)
92.5
96.2
75.4
Specific Gravity (20°C)
2,80
2.77
2.51
 
1
5
0
Boron
K150
5.8
K150
2.4
K150
5.5
Barium
K50
39.6
K50
3.1
K50
16.3
Cadmium
K1
1.0
K1
0.6
K1
K1
Cobalt
K250
1.1
K250
1. 1
K250
K2
Chromium
[(50
K0. 3
K50
K0 . 3
K50
K1
Copper
12
0.8
K10
K0.3
10
1.8
Molybdenum
K300
2 . 7
K300
K2
K300
K5
Lead
136
7 . 6
5
K3
6
K10
Tin
K500
7. 9
K500
K3
K500
K10
Vanadium
K100
K5
K100
K5
K100
K10
Yttrium
K20
2.2
K20
1.3
K20
K1
Zinc
60
18.4
K50
2.1
68
8.0
*K indicates "less thém".
 
 1
5
1
Sample De
pth (Numb
er)
Parameter
 
Total P
hosphor
us
Orth
opho
apha
te—P
Total Kje
ldahl Nit
rogen
Nitr
ate/
Nitr
ite~
N
Ammonia-N
Total Organic Carbon
Cal
ciu
m
Magnesium
Sod
ium
Iron
Manganese
Alum
inum
Titanium
1 Total Solids (105°C)
Specific
Gravity (
20'C)
Boron
Bariu-
Cadmiu-
Cobalt
Chromiu-
Copper
Molybdenum
Lead
Tin
Vanadiu-
Yttrium
Zinc
*K indicates "less than".
3'(B
—3—1
)
BROWN PROFILE 3 (mg/kg dry weight)*
3'(B-3—2)
  
Total
260
14
0
4100
449
00
318
00
K250
10900
203
22
10
28
0
92
.0
2.75
K150
K5
0
Kl
K2
50
K50
10
K300
12
K500
K100
K2
0
K50
 
Ext
r.
15
0
13
5
20
K
6
K
9
K1
00
199
00
9080
3
7
.
2
497
88
.6
95
1.5
5.
0
2.
6
1.
2
2.6
0.
6
1.0
6.7
5
.
4
21.3
K
5
2.
4
2.2
_Total
1400
57
0
39
00
79000
64500
376
259
00
360
133
00
37
87.3
2.33
K1
50
K5
0
K250
K50
15
K300
28
K500
K100
K20
51
Extr.
1100
1100
20
K
6
1
2
200
17000
8930
105
178
56.3
418
K1
&.5
17
.1
K
1
K
2
K1
K
1
K
5
K10
20.0
K10
2.7
3.
4
Total
 
ﬁxt
r.
Total Ext
r.
Total Ext
r.
Total Extr.
 
1
5
2
Sa
mp
le
lk
pl
h
(N
um
be
r;
Vara
utey
Tin-
1 P
hi/b
phul
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mium
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1
71
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0
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.
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Manganese
Aiuminun
Titanium
1 Total Solids (105°C)
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0
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0
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on
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Cob
alt
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mium
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m
L
e
a
d
Ti
n
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di
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Yttrium
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ﬂ-
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0
0
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2
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0
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0
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0.6
K1
K0
.3
KO.3
K
2
K
3
6.8
K
5
K0.3
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0
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RACINE COUNTY, WISCONSIN
PROFILE NUMBER: 1
LOCATION: Crestview
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 5, 1975
COLLECTORS: Wisconsin Department of Natural Resources and the Center for Great
Lakes
Studies
at
the
University
of
Wisconsin-Milwaukee
SUPPLEMENTAL INFORMATION:
Sample
Sample Depth
Number
Sample Description
2-6"(5.l—15.2 cm)
Rl—l
Al horizon; light olive gray, slightly sandy clay loam;
low inorganics.
5—6'(l.5—l.8 m)
Rl—2
Below top of bluff; massive, dark yellowish brown,
pebbly clay till; weathered.
67'(20.4 m)
Rl—3
Massive, light brownish gray to brownish gray, cal-
carious,
pebbly clay till;
fresh; approximately one
foot above base of bluff.
PROFILE NUMBER: 2
LOCATION: End of 5 1/2 Mile Road
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 5, 1975
COLLECTORS: Wisconsin Dept. of Natural Resources and the Center for Great Lakes
Studies, University of Wisconsin-Milwaukee
SUPPLEMENTAL INFORMATION:
Sample
Sample Depth Number Sample Description
2—6"(5.l—15.2 cm) R2—l Al horizon; grayish brown (SYR 3/2) to dusky brown
(SYR 2/2); slightly damp; sandy silt loam; moderate
amount of organics.
3—4'(0.9—1.2 m) R2—2 Thinly interbedded (beds few millimeters thick) clay,
silt, and sand (very fine to fine grained); pale
brown (SYR 5/2)(damp) to moderate brown (SYR 4/4)
clay layers to grayish orange (lOYR 7/4) to moderate
ye
ll
ow
is
h
br
ow
n
(l
OY
R
5/4
)
sa
nd
la
yer
s.
App
rox
. 3
2'
112
-3
Mas
siv
e,
dar
k y
ell
owi
sh
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(lO
YR
4/2
) t
o d
usk
y
(9
‘8
m)
ye
ll
ow
is
h
br
ow
n
(l
OY
R
2/
2)
(d
am
p)
pe
bb
ly
cl
ay
ti
ll
;
Ap
pr
ox
im
at
el
y
10
fe
et
(3
m)
ab
ov
e
ba
se
of
bl
uf
f.
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PROFILE NUMBER: 3
LOCATION: Wind Point Lighthouse
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 5, 1975
COLLECTORS: Wisconsin Dept. of Natural Resources and the Center for Great Lakes
Studies, University of Wisconsin—Milwaukee
SUPPLEMENTAL INFORMATION:
 
Sample
Sample Depth Number Sample Description
2—6"(5.1—15.2 cm) R3—1 Al horizon; silty sand; low in organics.
l—2'(0.3-0.6 m) R3—2 Yellowish brown, silty, fine grained sand.
PROFILE NUMBER: 4
LOCATION: Adalbert Blaszczak property, 400 feet south of Case Tractor Foundary
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 5, 1975
COLLECTORS: Wisconsin Dept. of Natural Resources and the Center for Great Lakes
Studies, University of Wisconsin—Milwaukee
SUPPLEMENTAL INFORMATION:
Sample
Sample Depth Number Sample Description
2—6"(5.l—15.2 cm) R4-l A1 horizon; brownish black (dry) silty loam; moderate
organics.
7—8'(2.l—2.4 m) R4-2 Interbedded (well—defined, laterally continuance beds
approximately several mm thick) fine to medium grain
sand and clay; moderate yellowish brown (lOYR 5/4)
(wet) sand and brownish gray (SYR 4/1) (wet) clay.
Approx. 39'
R4—3
Massive, light brownish gray (SYR 6/l)(damp and fresm
(11.9 m)
to olive gray pebbly sandy clay till; approximately
5
feet
(1.5
m)
above
base
of
bluff.
156
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O
F
I
L
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N
U
M
B
E
R
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5
LOCATION: Dr. Frank Savaglio's Property, 1950 feet north of Racine/Kenosha County line
SH
OR
E
TY
PE
:
Er
od
ib
le
hi
gh
bl
uf
f
DATE OF COLLECTION: June 5, 1975
COLLECTORS: Wisconsin Dept. of Natural Resources and the Center for Great Lakes
Studies, University of Wisconsin—Milwaukee
S
U
P
P
L
E
M
E
N
T
A
L
I
N
F
O
R
M
A
T
I
O
N
:
Sample
Sample Depth Number
2—
6”
(5
.l
—1
5.
2
cm
)
R5
—l
5'
(l
.5
m)
RS
—Z
Ap
pr
ox
.
32
'
R5
-3
(9.7 m)
Sample Description
Al horizon; black, organic rich sandy loam.
Interbedded fine sand, silt, and clay, as in
Sample R4—2.
7
Pebbly clay till as in R4—3; approximately 4 feet (1.2 m)
above base of bluff. J
  
 KACINF. PROFIL
E 1 (mg/kg dr
y weight)*
Sample Depth
(Number)
2-6"(K—1—1)
5'—6' (R~1~2)
67' (11—1—3)
Parameter
Total Extr. Total
V Extr. Total Extr.
—Totaivw Extr. Total
ExtgLr Total Extr.
   
Total Phospho
rus
410 24
260 2
340 3
Orthophosphat
e—P
16
2
K1
Total Kjeldah
l Nitrogen
3300 21
460 K10
390 10
Nitrate/Nitri
te—N
27
K6
K6
Ammonia—N
13
K9
K9
Total Organic
Carbon
38000 600
7700 K100
4700 K100
Calcium
13100 10200
57000 24700
75800 35800
Magnesium
6650 1740
33300 8830
43200 8920
Sodium
K250 14.7
K250 27.6
380 65.1
Iron
18300 41.0
24400 251
14100 223
Manganese 6.74 73. 3 520 106 590 143
Aluminum
9080 393
11300 38. 7
7260 10. 5
Titanium 85 K1 225 [(1 255 K1
1 Total Solids (105°C) 75.2
86.6
89.1
Specific Gravity (20°C)
2.49
2.86
2.63
1
5
8
Boron
K150
4.8
K150
4.7
K150
3.7
Barium
80 31.4 50 10.4 [(50 11.8
Cadmium
K1
K1
1 1 . 2
K1
K1
Cobalt
K250
K2
K250
K2
K250
K2
Chromium
K50
K1
K50
K1
K50
K1
Copper
14
K1
21
K1
12
K1
Molybdenum
K300
K5
K300
6.0
K300
K5
Lead
47
K10
22
K10
19
K10
Tin
K500
K10
K500
32. 7
K500
K10
Vanadium
K100
K10
K100
K10
K100
K10
Yttrium
K20
K1
K20
K1
K20
K1
Zinc
74
13.2
56
1.2
82
1.4
*K indicates
"less
than".
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mete
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ahl N
itrog
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2800
Nit
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e/N
itr
ite
—N
Ammonia—N
Total Organic Carbon 24000
94
00
6400
K250
168
00
Cal
ciu
m
Magnesium
Sod
ium
Iron
Mangane
se
215
11600
10
4
81.9
2.42
Alum
inu-
Tita
nium
1 Total S
olids (10
5°C)
Specific
Gravity
(20°C)
Boron
[150
K5
0
K1
K250
Bar
iu-
Cadm
iu-
Cobalt
Chromiu
-
x50
22
K300
25
K500
Cop
per
Molvbdenum
Lead
Ti
n
Vnngdiu-
K100
K2
0
69
Yttriu-
Zinc
Total
; #ﬁgt
r.
*K ind
ie-tog
"less
thKn".
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28
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40
18
30
15.1
43
.9
30
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4
K
1
4.8
40.2
K1
K
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1.9
K
5
K1
0
K10
x10
:1
13.1
RACINE PROFILE 2 (mg/kg dry weight)‘
3—4'(R~2—2)_
Total
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64600
381
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12200
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40
260
86.5
2.65
K150
K50
K2
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K50
11
K300
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K500
K100
K20
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c C
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on
Ca
lc
iu
m
Ma
gn
es
iu
m
Sod
ium
Ir
on
Mang
anea
e
Al
um
in
um
Ti
ta
ni
um
Z T
ota
l S
oli
ds
(10
5’0
)
Spe
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0
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5
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0
0
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0
0
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9
9
0
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8
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5
5
0
2
9
0
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0
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0
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0
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0
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0
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0
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Paramet
er
Total
Extr.
4ma1
Extr.
. Total
Extr.
‘Total
A Extr.—
Total
Extr. A
grotal
Extr.
Total Pho
sphorus
800 2
40
250
75
320
K1
Orthophos
phate-P
2A0
75
K]
Total K
jeldahl
Nitroge
n
2800
55
330
30
320
18
Nitrate/Nitri
te—N
60
K6
K6
Ammonia—N
16 20
K9
Total
Organ
ic Ca
rbon
36000
400
9500
100
8000
K100
Calciu
m
12500
5730
68900
38800
66900
25500
Magn
esiu
m
7800
2130
3830
0
9860
3960
0
8510
Sodiu
m
270
27.4
260
A5.0
300
A1.7
Iron
26A0
0
160
1270
0
225
1530
0
551
Manganese
1050 1
11
h86 1
33
560 1
70
Aluminu
m
8300
590
S600
138
7460
8.2
Titanium
148 1
.6
205
K1
180
K1
2 Tot
al So
lids
(105'
C)
33.2
83.2
88.7
Specifi
c Gravi
ty (20°
C)
2.23
2.97
2.77
Boron
[(150
5.9
K150
4.3
K150
5.3
Barium
340 86
K50 15.8
K50 A. 8
Cadmium
K1 K1
2 K1
1 1. 3
Cobalt
K250 2.6
K250 K2
K250 2. 5
Chrom
ium
K50
K1
K50
Kl
K50
K1
Copper
56
12.6
13
1.4
21:
K1
Molyb
denum
K300
K5
K300
K5
K300
K5
Lead
253
81
25
K10
26
K10
Tin
K500
K10
K500
K10
K500
21.1
Vanad
ium
K100
K10
K100
K10
K100
K10
Yttrium
K20 1
.6
K20 2
.4
K20
K1
Zinc
620
137
50 2
7.1
042
3.9
 
*K indicates "less than"
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r.
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r.
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r.
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r.
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l
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0
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0
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0
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Or
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l
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Ni
tr
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58
0
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14
0
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tr
at
e/
Ni
tr
it
e—
N
34
K6
K6
Amm
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a-N
19
13
K9
Tot
al
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ani
c
Car
bon
160
00
K10
0
470
0
100
330
0
Kl0
0
Cal
ciu
m
370
00
192
00
886
00
373
00
740
00
252
00
Mag
nes
ium
245
00
725
0
485
00
918
0
418
00
852
0
So
di
um
K2
50
26
.1
28
0
31
.6
35
0
58
.3
Iro
n
112
00
119
105
00
83.
S
152
00
467
Ma
ng
an
es
e
250
125
41
0
130
580
161
Al
um
in
ul
41
20
21
9
37
00
11
.6
80
00
10
.9
Ti
ta
ni
um
160
K1
198
K1
216
K0.
3
Z
To
ta
l
So
li
ds
(1
05
°C
)
83
.4
85
.0
89.
2
Sp
ec
if
ic
Gr
av
it
y
(2
0°
C)
2.
61
2.
97
2.
39
1
6
2
Bo
ro
n
K1
50
4.
0
K1
50
3.
6
K1
50
5.
3
Ba
ri
um
K5
0
13
.2
I6
0
4.
5
K5
0
12
.4
Cad
miu
m
2
K1
1
K1
K1
1. 3
Cob
alt
K25
0
K2
[(2
50
2.4
K25
0
2. 7
Chro
mium
K50
K1
K50
K1
K50
K0. 3
Copp
er
15
2.3
11
[(1
12
0.4
Moly
bden
um
K300
K5
K300
K5
K300
3. 7
Lead
32
K10
26
K10
23
4. 3
Tin
K500
K10
K500
K10
K500
20. 4
Vana
dium
K100
K10
K100
K10
K100
K5
Yttrl
ul
K20
l. 1
K20
K1
K20
0.9
Zinc
70 1
4.1
53
3.9
56
3.5
*K indicates "less than".
 
 MUSKEGON COUNTY, MICHIGAN
PROFILE NUMBER: 1
LOCATION: Approximately NE 1/4, NW 1/4, Section 23, T.9 N., R.17 w.
SHORE TYPE: High sand dune
DATE OF COLLECTION: June 5, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION:
Sample 121-2-1 taken from face of bluff just west of
other samples.
Sample
Sample Depth Number Sample Description
0-8"(0-20.3 cm) lZl-l-l All horizon; light gray (lOYR 7/2) sand; single
grained;
loose;
neutral;
gradual
wavy
boundary
8-13"(20.3— 121—1-2 A12b horizon; pale brown (lOYR 6/3) and very dark
33.0 cm) gray (lOYR 3/1) sand; weak fine granular structure;
very friable; neutral; gradual wavy boundary.
13-22"(20.3— 121—1—3 Bl horizon; very pale brown (lOYR 7/3) sand; single
55.9 cm) grained; loose; neutral; gradual irregular boundary.
22-60"(55.9- 121—1—4 C horizon; pale brown (lOYR 6/3) sand; grained;
152.4 cm) loose; mildly alkaline.
0-60"(O—152.4 cm) 121-2-1 C horizon; pale brown (lOYR 6/3) sand; single
grained; loose; mildly alkaline; slight effervescence.
PROFILE NUMBER: 2
LOCATION: NW 1/4, NW 1/4, Section 31, T.ll N., R.17 W.
SHORE TYPE: Erodible low bluff
DATE OF COLLECTION: June 5, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Samples 121—4-1 through 121—4—3 taken from face of bluff
just west of other samples.
Sample
Sample Depth Number Sample Description
0-5"(0-12.7 cm) 121-3—1 Alhorizon; dark grayish brown (lOYR 4/2) sand; weak
fin
e
gra
nul
ar
str
uct
ure
;
ver
y
fri
abl
e;
sli
ght
ly
acid; clear wavy boundary.
5-20"(12.7- 121-3—2 A2 horizon; pale brown (lOYR 6/3) sand; single
50
-8
cm
)
gr
ai
ne
d;
lo
os
e;
me
di
um
ac
id
;
cl
ea
r
ir
re
gu
la
r
bo
un
da
ry
.
20-
33"
(50
.8—
121
—3-
3
BZi
r h
ori
zon
; s
tro
ng
bro
wn
(7.
5YR
5/6)
sand
; w
eak
83
-8
Cm
)
fi
ne
gr
an
ul
ar
st
ru
ct
ur
e;
sl
ig
ht
ly
ac
id
;
gr
ad
ua
l
wa
vy
boundary.
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Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
33
-6
0"
(8
3.
8—
12
1—
3—
4
C
ho
ri
zo
n;
li
gh
t
ye
ll
ow
is
h
br
ow
n
(l
OY
R
6/
4)
sa
nd
;
15
2.
4
cm
)
si
ng
le
gr
ai
ne
d;
lo
os
e;
ne
ut
ra
l.
0-
5"
(0
—1
2.
7
cm
)
12
1-
4—
1
A1
ho
ri
zo
n;
br
ow
n
(l
OY
R
4/
3)
sa
nd
;
we
ak
fi
ne
gra
nul
ar
str
uct
ure
;
ver
y f
ria
ble
;
sli
ght
ly
aci
d;
abrupt smoothboundary.
5-
18
”(
12
.7
—
12
1—
4-
2
Cl
ho
ri
zo
n;
li
gh
t
ye
ll
ow
is
h
br
ow
n
(l
OY
R
6/4
)
an
d
45
.7
cm
)
da
rk
br
ow
n
(7
.5
YR
4/
4)
st
ra
ti
fi
ed
fi
ne
sa
nd
;
ve
ry
fin
e
san
d
and
sil
t
loa
m,
wea
k
fin
e
gra
nul
ar
str
uc—
ture; neutral; abrupt smooth boundary.
18
—6
0"
(4
5.
7—
12
1—
4-
3
C2
ho
ri
zo
n;
pa
le
br
ow
n
(l
OY
R
6/3
)
co
ar
se
sa
nd
an
d
15
2.
4
cm
)
gr
av
el
;
si
ng
le
gr
ai
ne
d;
lo
os
e;
mo
de
ra
te
ly
al
ka
li
ne
;
slight effervescence.
PROFILE NUMBER: 3
LO
CA
TI
ON
:
Ap
pr
ox
im
at
el
y
SW
1/4
,
NW
1/4
,
Se
ct
io
n
2,
T.
11
N.,
R.
18
W.
SH
OR
E
TY
PE
:
Er
od
ib
le
hi
gh
bl
uf
f
DA
TE
OF
CO
LL
EC
TI
ON
:
Ju
ne
5,
19
75
CO
LL
EC
TO
RS
:
Un
iv
er
si
ty
of
Mi
ch
ig
an
Co
as
ta
l
Zo
ne
La
bo
ra
to
ry
SUP
PLE
MEN
TAL
INF
ORM
ATI
ON:
Sam
ple
121
—6—
1 t
ake
n f
rom
fac
e o
f b
luf
f j
ust
wes
t o
f
other samples.
Sample
Sam
ple
Dep
th
Num
ber
Sam
ple
Des
cri
pti
on
O—6
"(O
—15
.2
cm)
121
—5—
1
Al
hor
izo
n;
bro
wn
(lO
YR
5/3)
fin
d s
and
; s
ing
le
grained; loose; mildly alkaline; gradual wavy
boundary.
6-17"
(15.2
—
121—5
—2
Cl ho
rizon
; ve
ry p
ale b
rown
(lOYR
7/3)
sand;
singl
e
43.2 cm) grained; loose; mildly alkaline; diffuse irregular
boundary.
l7—6
0"(4
3.2—
l2l~
5~3
C2 h
oriz
on;
very
pale
brow
n (l
OYR
7/3)
sand
; s
ingl
e
152.4 cm) grained; loose; moderately alkaline; slight effer—
vescence.
O-60"(0—152.4 cm) 121-6-1 C horizon; very pale brown (lOYR 7/3) sand; single
grained; loose; moderately alkaline; slight effer—
vescence.
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PROFILE NUMBER: 4
LOCATION:
Approximately
NW
1/4,
NE
1/4,
Section
22,
T.
12
N.,
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 5, 1975
COLLECTORS:
University
of
Michigan
Coastal
Zone
Laboratory
SUPPLEMENTAL
INFORMATION:
Sample
121—8-1
taken
from
face
of
bluff
just
west
of
other samples.
R. 18 W.
Sample
Sample
Depth
Number
Sample
Description
0—7"(0—17.8
cm)
121—7—1
Al
horizon;
brown
(lOYR
5/3)
and
very
darkgray
(lOYR
3/1)
fine
sand;
single
grained;
loose;
mildly
alkaline;
gradual
wavy
boundary.
7—60"(17.8—
121—7-2
C
horizon;
pale
brown
(lOYR
6/3
fine
sand;
single
152.4
cm)
grained;
loose;
mildly
alkaline.
0—60"(0—152.4 cm)
121-8—1
C horizon;
light yellowish brown
(lOYR 6/4) sand;
single
grained;
loose;
mildly
alkaline.
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hl
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tr
og
en
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16
12
0
17
60
15
16
14
Ni
tr
at
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tr
it
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N
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21
11
9
Am
mo
ni
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N
K9
11
K9
K9
To
ta
l
Or
ga
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c
Ca
rb
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0
10
0
17
00
10
0
70
0
K1
00
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0
K1
00
Ca
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iu
m
13
50
99
4
13
10
12
00
11
50
10
40
15
20
84
2
Ma
gn
es
iu
m
84
6
417
713
463
664
463
944
389
So
di
um
K25
8.0
K25
6.5
K2
5
6.4
K2
5
9.
3
Iro
n
283
0
25.
6
219
0
23.
4
259
0
24.
9
347
0
26.
2
Man
gan
ese
32
9.6
26
11.
1
28
9.2
40
7.9
Alu
min
um
475
29.
8
408
31.
8
412
27.
8
563
27.
3
Tit
ani
um
101
K0.
3
67
K0.
3
81
K0.
3
213
K0.
3
2 To
tal
Soli
ds
(105
°C)
97.1
94.8
96.9
98.6
Spec
ific
Grav
ity
(20°
C)
2.59
2.49
2.57
2.74
Bor
on
K15
K1
K15
1.0
K15
K1
K15
K1
Bar
ium
K5
1.6
K5
1.7
K5
1.6
K5
1.5
Cadm
ium
K1
_0.6
K1
0.6
K1
K0.5
K1
0.6
Coba
lt
K25
K1
K25
K1
K25
K1
K25
K1
Chrom
ium
K5
K0.3
K5
K0.3
K5
K0.3
K5
K0.3
COP
PGY
K1
K0.
3
Kl
K0.
3
Kl
K0.
3
K1
K0.
3
Moly
bden
um
K30
K2
K30
K2
K30
K2
K30
K2
Lead
K5
K3
K5
K3
K5
K3
K5
K3
T1“
K50
K3
K50
K3
K50
K3
K50
K3
Vana
dium
K10
K5
K10
K5
K10
KS
10
K5
Ytt
riu
m
K2_
K0.
3
K2
K0.
3
K2
K0.
3
K2
K0.
3
Zinc
6
3.8
7
4.2
6
2.4
6
2.2
*K in
dicate
s "le
ss th
an".
0—
60
"(
12
1—
2—
l)
‘3%
Ya1
3
8
19
30
0
1
2
4
0
74
0
K25
19
70
2
5
40
0
65
97.3
2.69
K15
K5
K
1
K25
K
5
K
1
K30
K
5
K50
K10
K2
t
h
a
l
a;
:{
;
Ex
pr
.
l
8
18
1
5
7
ll
K1
00
1
1
5
0
508
7.9
29.7
8.9
30
.1
K0.3
K1
1.6
0.
6
K1
K0.3
K0.3
K
2
K
3
K
3
K0.3
 1
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NUSKEGON PROFILE 2 (mg/kg dry Helght)*
Sample Depth (Number)
0-5"(121—3-1)
5-20"(121-3—2)
20-33"(121-3-3)_
33-60"(121—3—4)
0—5"(121-4-1)
5-18"(121-4-2)
Parameter
Total
Extr.
Total
Extt.
Total
Extr.
Total
Extr.
Total
Extr.
Total Extt.
‘l‘otal Phosphorus
85
18
48
2
92
3
35
5
160
46
65
18
Orthophoaphate-P
16
2‘
1
a
37
18
Total Kjeldahl Nitrogen
650
39
40
10
470
45
45
17
23
15
60
17
Nitrate/Nitrite-N
29
K6
36
9
K6
10
Anemia-"
21
K9
35
9
11
K9
Total Organic
Carbon
9700
200
400
K100
9100
100
800
200
12000
K100
600
200
Calctua
741
478
1140
33.9
73
105
244
269
Magnealul
301
69.2
629
9.9
149
38.8
254
48.7
Sodlul
K25
8.4
K25
9.0
K25
8.4
K25
8.3
Iron
3010
23.4
1420
10.7
1020
8.8
2550
13.7
Mngmeae
59.
15.3
17
0.7
20
0.8
43
3.0
Ale-inu-
040
163
304
100
991
241
821 16. 7
Titanlul
100
2.3
42
0.6
27
0.3
63
0.6
1 Total Solids (105'0)
90.3
99.5
95.9
92.4
Specific Gravity (207C)
1.99
2.69
2.72
2.68
Ioton
K15
1 . 1
K15
Kl
K15
K1
K15
K1
Dari!-
5.4
K5
3.0
L5
2. 5
9
10
Cad-tu-
0.7
K1
K0.3
K].
0.7
u
0.6
Cobalt
K25
K1
K25
K1
K25
K1
K25
K1
9
i
K0.3
K5
K0.3
K5
K0.3
K5 K0.3
0.3
K1
K0.3
K1
K0.3
1.4 0.4
mlybduu—
K30
K2
no
K2
K30
K2
load
3. 4
K5
K3
K5
K3
K5
K3
Ha
K50
[(3
K50
K3
K50
K3
K50
K3
cumulu-
:
n
a
g
“
Vanﬂiu
KlO
K5
K10
'6
K10
K5
K10
K5
Ittrtu
K2
K0.3
K2
K0.3
K2
K0.3
K2
2.‘
line
15
7.1
6
3.).
K5
2.0
K5
2.5
*l Wat-a
“1m
than".
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av
it
y
(2
0°
C)
Bor
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Ch
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um
Co
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er
Mo
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bd
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Le
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u-
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ium
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6
7
14
0
40
0
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00
10
00
0
K2
50
17
40
K1
50
64
9
82
9
1
.
9
2
.
6
8
K150
K
5
0
K
l
K2
50
K50
K10
K300
K5
K5
00
K100
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0
K50
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E
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y
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8
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K
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0
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50
30
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3
4
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K0
.3
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K
l
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K0.3
2.
6
K
3
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0.
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2.5
  
HUSKEGON PROFILE 3 (mg/kg dry weight)*
 
Sample Depth (Number)
0-6"(121—5<1)4
6—17"(121—5-2) _
17—6o"g121:6:gl_
0—6o"(121—6-1)
Parameter
Total Extr.” Iptal Extr. Total Extr. Total Extr. Total" Extr.l Total Extr
   
Total Phosphorus
40
21
40
20
13
13
50
18
Orthophosphate—P
21
18
13
15
Total Kjeldahl Nitrogen
K38
10
25
12
K38
16
K36
14
Nitrate/Nitrite—N
7
6
11
9
Ammonia—N
K9
K9
11
11
Total Organic Carbon
K300
K100
K300
K100
K300
K100
K300
K100
Calcium
2630
2690
3240
3170
2710
2680
3890
3460
Magnesium
1230
1080
1460
1230
1130
976
1670
1240
Sodium
K25
8.1
K25
10.8
K25
7.4
K25
6.9
Iron
2370
32.6
3700
23.2
2330
22.5
4800
26.7
Manganese
20
8.0
24
6 . 3
18
6 . 1
28
6 . 6
Aluminum
283
32.0
312
21.5
262
23.1
299
22.9
Titanium
67
0.4
86
K0.3
65
K0.3
108
xo.3
1 Total 8011ds (105°C)
93.5
96.3
98.9
96.1
Specific Gravity (20°C) 2.78
2.63
2.69
2.71
1
6
9
Boron
K15
1.3
K15
1.3
K15
1.3
K15
1.5
Barium
K5
1.1
K5
1.0
K5
1.2
K5
1.1
Cadﬂﬂ‘ﬂl
K1
0. 7
K1
0. 6
K1
K0. 5
K1
K0. 5
001581!
K25
K1
K25
K1
K25
K1
K25
K1
 
Chromium
K5
K0. 3
K5
K0. 3
K5
K0. 3
K5
K0. 3
Copper
K1
K0. 3
K1
K0. 3
K1
K0 . 3
K1
K0. 3
Molybdenum
K30
K2
K30
K2
K30
K2
K30
K2
Lead
K5
K3
K5
K3
K5
K3
K5
K3
Tin
K50
K3
K50
K3
K50
K3
K50
K3
Vanadiul
[10
KS
11
K5
K10
KS
18
KS
Yttriul
0.3
K2
K0.3
K2
K0.3
K2
K0.3
K2
Zinc
[5
2.3
K5
8.2
5
2.2
K5
20.4
*K Inalcatel "Ieaa tEan".
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A
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a
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1 To
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Soli
ds
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°C)
Spec
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Grav
ity
(20°
C)
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m
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Molyb
denum
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Tin
Va
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Yttr
ium
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5
2
13
10
700
K25
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2h
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5
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.2
2.71
K15
K
5
K25
K1
K30
K
5
K50
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17
2
1
26
K
9
200
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541
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20
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29
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l
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0.6
K
1
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K
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4 (
mg/k
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7—60"(1
21:1f2)
To
ta
l
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0
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.8
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MANISTEE COUNTY, MICHIGAN
 
PROFILE NUMBER: 1
LOCATION: Section 15, T. 21 N, R. 17 W.
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 6, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Samples 101-2—1 and 101-2—2 taken from face of bluff
just west of other samples.
Sample
Sample Depth Number Sample Description
O—7"(0-17.8 cm) 101—1—1 Al horizon; very dark grayish brown (lOYR 3/2)
loam; moderate medium granular structure; friable;
neutral; gradual wavy boundary.
7-15"(17.8— 101-1—2 B & A horizons; pale brown (lOYR 6/3) and brown
38.1 cm) (7.5YR 5/4) clay loam; moderate medium subangular
blocky structure; firm; neutral; gradual wavy
boundary.
15—2
4"(3
8.1—
101-
1-3
B2t
hori
zon;
brow
n (7
.5YR
5/4)
heav
y cl
ay l
oam;
61.0
cm)
mode
rate
firm
; ne
utra
l;
grad
ual
wavy
boun
dary
.
24~
60"
(61
.0—
101
—1—
4
C h
ori
zon
;
bro
wn
(7.
5YR
5/4
)
cla
y
loa
m;
mod
era
te
152
.4
cm)
coa
rse
ang
ula
r b
loc
ky
str
uct
ure
;
fir
m;
mod
era
tel
y
alkaline; slight effervescence.
0—
10
"(
0—
25
.4
cm)
10
1—
2-
1
Cl
ho
ri
zo
n;
br
ow
n
(7
.5
YR
5/4
)
cl
ay
loa
m;
we
ak
med
ium
ang
ula
r
blo
cky
str
uct
ure
;
fir
m;
sli
ght
effervescence.
10
-6
0"
(2
5.
4-
10
1—
2-
2
CZ
ho
ri
zo
n;
li
gh
t
br
ow
n
(7
.5
YR
6/
4)
si
lt
lo
am
;
15
2.
4
cm
)
ma
ss
iv
e;
fr
ia
bl
e;
sl
ig
ht
ef
fe
rv
es
ce
nc
e.
PROFILE NUMBER: 2
LO
CA
TI
ON
:
Se
ct
io
n
16,
T.
24
N.,
R.
16
W.
SHORE TYPE: Erodible low bluff
DATE OF COLLECTION: June 6, 1975
CO
LL
EC
TO
RS
:
Un
iv
er
si
ty
of
Mi
ch
ig
an
Co
as
ta
l
Zo
ne
La
bo
ra
to
ry
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Sa
mp
le
s
10
1—
4—
1
an
d
10
1—
4-
2
ta
ke
n
fr
om
fa
ce
of
bl
uf
f
j
u
s
t
w
e
s
t
o
f
o
t
h
e
r
s
a
m
p
l
e
s
.
Sample
S
a
m
1
3
D
e
t
h
N
u
m
b
e
r
S
a
m
p
l
e
D
e
s
c
r
i
p
t
i
o
n
0
‘
1
2
"
(
0
—
3
0
.
5
c
m
)
1
0
1
-
3
—
1
A
h
o
r
i
z
o
n
;
b
r
o
w
n
(
l
O
Y
R
5
/
3
)
s
a
n
d
;
s
i
n
g
l
e
g
r
a
i
n
e
d
;
l
o
o
s
e
;
m
i
l
d
l
y
a
l
k
a
l
i
n
e
;
g
r
a
d
u
a
l
w
a
v
y
b
o
u
n
d
a
r
y
.
12
-6
0"
(3
0.
5—
10
1—
3—
2
C
ho
ri
zo
n;
pa
le
br
ow
n
(l
OY
R
6/
3)
sa
nd
;
si
ng
le
1
5
2
~
4
c
m
)
g
r
a
i
n
e
d
;
l
o
o
s
e
;
s
l
i
g
h
t
e
f
f
e
r
v
e
s
c
e
n
c
e
;
m
o
d
e
r
a
t
e
l
y
alkaline.
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P
R
O
F
I
L
E
N
U
M
B
E
R
:
2
(
c
o
n
t
i
n
u
e
d
)
 
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
0—
10
"(
O—
25
.4
cm
)
10
1—
4—
1
A
ho
ri
zo
n;
br
ow
n
(l
OY
R
5/
3)
sa
nd
;
si
ng
le
gr
ai
ne
d;
lo
os
e;
sl
ig
ht
ef
fe
rv
es
ce
nc
e;
gr
ad
ua
l
wa
vy
bo
un
da
ry
.
10
—6
0"
(2
5.
4—
10
1—
4—
2
C
ho
ri
zo
n;
ve
ry
pa
le
br
ow
n
(l
OY
R
7/
3)
sa
nd
;
si
ng
le
15
2.
4
cm
)
gr
ai
ne
d;
lo
os
e;
sl
ig
ht
ef
fe
rv
es
ce
nc
e.
PROFILE NUMBER: 3
LO
CA
TI
ON
:
S
e
c
t
i
o
n
3,
T.
24
N.
,
R.
16
W.
SH
OR
E
TY
PE
:
Er
od
ib
le
hi
gh
bl
uf
f
DA
TE
OF
CO
LL
EC
TI
ON
:
Ju
ne
6,
19
75
CO
LL
EC
TO
RS
:
Un
iv
er
si
ty
of
Mi
ch
ig
an
Co
as
ta
l
Zo
ne
La
bo
ra
to
ry
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Sa
mp
le
10
1—
6—
1
ta
ke
n
fr
om
fa
ce
of
bl
uf
f
ju
st
we
st
of
other samples.
Sample .
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
0-
20
"(
O—
50
.8
cm
)
10
1—
5-
1
A1
ho
ri
zo
n;
pa
le
br
ow
n
(l
OY
R
6/
3)
fi
ne
sa
nd
;
si
ng
le
gr
ai
ne
d;
lo
os
e;
ne
ut
ra
l,
ab
ru
pt
sm
oo
th
boundary.
20
—2
4”
(5
0.
8—
10
1—
5—
2
II
Al
b
ho
ri
zo
n;
bl
ac
k
(l
OY
R
2/
1)
si
lt
y
cl
ay
lo
am
;
61
.0
cm
)
we
ak
me
di
um
su
ba
ng
ul
ar
bl
oc
ky
st
ru
ct
ur
e;
fi
rm
;
mildly alkaline; gradual wavy boundary.
24
—2
7"
(6
1.
0—
10
1—
5—
3
II
B2
ho
ri
zo
n;
re
dd
is
h
br
ow
n
(S
YR
5/
3)
si
lt
y
cl
ay
68
.6
cm
)
lo
am
;
mo
de
ra
te
me
di
um
an
gu
la
r
bl
oc
ky
st
ru
ct
ur
e;
fir
m;
mil
dly
alk
ali
ne;
abr
upt
smo
oth
bou
nda
ry.
27
—6
0"
(6
8.
6-
10
1—
5—
4
II
IC
ho
ri
zo
n;
pa
le
br
ow
n
(l
OY
R
6/3
)
sa
nd
;
si
ng
le
152
.4
cm)
gra
ine
d;
loo
se;
mod
era
tel
y
alk
ali
ne.
O—6
0"(
O—1
52.
4
cm)
101
—6-
1
C h
ori
zon
;
lig
ht
yel
low
ish
bro
wn
(lO
YR
6/4
)
san
d;
single grained; loose; moderately alkaline.
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1
7
3
 
MANISTEE PROF
ILE 1 (mg/kg
dry weight)*
Sample Depth
(Number)
0-7"£ML1:1-_1
)_ 135111
01;1;2L l
§—_24:(l.01-J.:
31 zmm
um 0:1
11:110112:11_
PatameEer
Total Extr.
Total ’ Extr.
Total Extr.
Total Extr.
Total Extr.
 
Total Phospho
rus
610 200
230 150
21.0 46
390 57
370 1.1
so 35
Orthophos
phate-P
196
11.7
21
M.
25
16
16:31 Kje
ldahl Nit
rogen
1700
47
280
70
210
27
340
15
340
23
3!. K10
Nitrate/N
itrite-N
39
K6
16
6
12
K6
Ammonia
-N
K9
11
1a
9
12
K9
Total Organic Carbon
2500 600 2400
200 1000 K100
1000 K100 1500
K100 500 K100
Calcium
8640 8510
2640 2600
38100 28500
55700 37400
46800 35800
61300 35400
Magnesium
5010 1990
2900 708
23700 11200
26200 8690
22500 9510
28000 9390
Sodium
K250 40.9
K250 20.8
K250 35.3
K250 39.2
K250 40.4
K250 27.8
Iron
13400
75.1
7890
154
8350
2.8
1086
0.8
9180
3. 3
4650 3.
3
Manganese
510 31
.3
150 20
.6
29/. 41
.6
355 34
.1.
239 74
.6
180 53.5
Aluminu-
12700
834
7550
671
6820
K10
9120
K10
7250
K10
2920 K1
0
Titaniu
m
290
1.4
170
2.7
255
K0.3
420
K0.3
301
K0.3
1132 0
.3
1 10:6
1 San
ds (1
05°C)
62.8
91.1
88.4
37.2
55.7
88.1
Specif
ic Gr
avity
(20'0)
2.32
2.64
2.58
2.141.
2.51
2.68
Boron
K150
6.5
K150
2.1
K150
5.5
K150
3.7
K150
4.9
K150
4.5
881111.
K50
91.1
L50
42.1
K50
7.7
62
4.9
57 1
1.3
K50 4
.7
Cadmium
K1 1.
].
K1 0.
6
1 0.9
1 0.6
1 0.7
K1 0.7
Cobalt
K250
Kl
K250
K1
K250
K1
K250
K1
K250
K1
K250 K
1
Chromium
K50 0
. 4
K50 0
. 3
K50 0
. 7
K50 0
. 3
K50 0
. 4
K50 0. 5
Copper
K10 7
.5
K10 0
.9
K10 K0
.3
15 K0.
3
12 K0.
3
K10 K0.3
Molybdenu
l
K300
2 . 0
K300
K2
K300
2 . 2
K300
K2
K300
K2
K300 K
2
Lead
132
68.3
8 3
.6
14
K3
18
K3
19
K3
17 K
3
Tin
K500
K3
K500
K3
K500
4. 3
K500
5.0
K500
7.4
K500
K3
Vanadium
K100 K5 K100
K5 K100 K5
120 K5 K100
K5 K100 K5
Yttrlm
[(10 2.0 K10
2.0 K10 0.5
K10 0.5 K10
0.5 K10 0.5
Zinc 150 71 .8 K50 5.2 K50 0.8 K50 0.9 K50 2.2 K50 0.4
it indicates
"1e" than".
  
 1
7
4
 
Sa
mp
le
De
pt
h
(N
um
ge
r)
PE
YE
EE
EE
F_
_—
"“
’”
—-
_
To
ta
l
Ph
os
ph
or
us
Or
th
op
ho
sp
ha
te
—P
To
ta
l
Kj
el
da
hl
Ni
tr
og
en
Ni
tr
at
e/
Ni
tr
it
e-
N
Ammo
nia—
N
To
ta
l
Or
ga
ni
c
Ca
rb
on
Ca
lc
iu
m
Ma
gn
es
iu
m
Sod
ium
Iron
Mang
anes
e
Al
um
in
um
Tita
nium
2 To
tal
Soli
ds
(105
"C)
Spec
ific
Grav
ity
(20°
C)
Boron
Barium
Cadmium
Cobalt
Chro
mium
Cop
per
Molyb
denum
Le
ad
Tin
Vanadium
Yttrium
zinc
*K i
ndic
ates
"les
s th
an".
19
78
600
98
70
4
0
7
0
3
2
1440
22
31
4
51
9
8
.
2
2.
70
K15
K5
K1
K25
K5
K1
K30
K5
K50
2
0
1.5
5
.
5
0—
12
"(
10
1-
3—
l)
To
ta
l
Ex
tr
.
 
12
12
17
8
1
0
K100
36
50
13
40
12.5
19
.4
6.
8
19
.4
K0.3
1.5
0.8
0.5
K1
K0.3
K0.3
K2
K
3
K3
K5
K0.3
6.
4
MA
NI
ST
EE
PR
OF
IL
E
2
(mg
/kg
dry
we
ig
ht
)*
12—60"(101—3—2)
40
30
24
00
98
20
3
8
1
0
K25
1
0
0
0
1
7
283
29
96
.2
2.81
K15
K
5
K
1
K25
K1
K30
K
5
K50
K10
K
1
K
5
K100
114
00
37
70
14
.7
56
.7
9.
2
17
.1
K0.3
2.
4
K0.3
0.
7
Kl
K0.3
K0.3
K
2
K3
K3
K5
K0.3
6.9
 
10—6
0"(1
01—4
—2)
0—1
0"(
101
—4—
1)
Total
9
7
12
0
80
0
19900
80
60
K2
50
8
0
5
0
K150
63
7
289
97
.5
2.
79
K1
50
K5
0
K
1
K250
K50
K10
K300
K500
K1
00
K10
K50
Ext
r.
35
3
6
23
7
1
1
100
145
00
49
80
22.1
77
.0
11
.8
20.3
0.4
2.3
0.6
0.
7
Kl
0.
3
K0.3
K2
K
3
K3
0.7
3.
5
  
Tot
al
65
8
3
24
00
233
00
8500
K250
15
00
K1
50
44
4
83
96.5
2.
86
K1
50
K50
K1
K250
K5
0
K10
K300
K
5
K500
K1
00
K10
K50
Ex
tr
.
29
29
K10
6
K
9
K1
00
15
90
0
46
50
14
.4
70.9
11
.4
17
.6
0.3
1.9
K0.3
0.5
K1
K0.3
K0.3
K2
K3
K
3
K
5
0.
4
2.7
 
Total
Ext
r. 7
Tot
al
Ext
r:_
 MANISTEE PROFILE 3 (mg/kg dry weight)*
Sample Depth (Number) 0—20"(101-5—1) 20-24"(101—5-2) 24-27"(101-5—3) 27-60"(101—5—4) 0-60"(101-6—l)
Parameter
Total Extr. Total Extr. Total Extr. Total Extr. Total Extr. Total Extr.
  
Total. Phosphorus 45 24 670 74 320 100 25 16 48 20
Orthophosphate—P
23
73
100
14
19
Total Kjeldahl Nitrogen 50 11 2400 40 450 46 25 10 25 16
Nitrate/Nitrite—N 15 50 36 K6 K6
Amnia—N
10 9 27 K9 9
Total Organic Carbon 1200 K100 21000 500 3700 200 K300 K100 1100 K100
Calcium
6580 4690 7400 5820 9210 8010 11000 9380 5670 3340
Magnesium 2860 1990 4500 1310 7850 3370 4150 3150 3410 1790
Sodium
K250 6.6 K250 15.5 K250 26.6 27 7.9 K25 9.4
Iron
5800 32.9 17500 72.1 14300 200 1650 43.1 1190 37.4
 
Manganese
K150 5.8
465 80.6
333 32.0
19 7.3
17 6.2
Alulﬁnu-
350 21.5 12800 1140 12900 83.6 226 16.8 462 70.4
Titanium
270 K0.3
430 2.2
285 2.9
47 K0.3
30 0.4
2 Total Solids (105°C) 98.2
78.8
Specific Gravity (20°C)
2.82
2.75
1
7
5
Boron
K150 1.5
K150
2.5
Barium
150 0.4
96 56. 2
Cadmium
K1 0. 5 K1 1 . 1
Cobalt
K250
K1
K250
K2
 
Chromium
K50
K0. 3
[(50
K1
COP?e r
K10 K0 . 3 14
Molybdenum K300 K2 K300
bead K5 K3 13
Tin K500 K3 K500
3
2
:
2
:
Vanadium
K100
K5
K100
K10
Yttrium
K10
K0. 3
K10
1.6
Zinc
K50
1.6
K50
4. 7
*K indicates "less tha
 
SC
H
O
O
L
C
R
A
F
T
CO
UN
TY
,
M
I
C
H
I
G
A
N
 
P
R
O
F
I
L
E
N
U
M
B
E
R
:
1
LO
CA
TI
ON
:
So
ut
h
of
Gu
ll
iv
er
;
ap
pr
ox
im
at
el
y
SE
1/
4,
SE
1/
4,
SE
1/
4,
Se
ct
io
n
11
,
T41N, R14W.
S
H
O
R
E
T
Y
P
E
:
L
o
w
s
a
n
d
d
u
n
e
D
A
T
E
OF
CO
LL
EC
TI
ON
:
Ju
ne
23
—2
5,
19
75
CO
LL
EC
TO
RS
:
Un
iv
er
si
ty
of
Mi
ch
ig
an
Co
as
ta
l
Zo
ne
La
bo
ra
to
ry
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Sa
mp
le
s
15
3—
1—
2
an
d
15
3—
1-
3
ta
ke
n
fr
om
fa
ce
of
bl
uf
f
just east of other samples.
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
Sa
mp
le
De
sc
ri
pt
io
n
0—
60
"(
O—
15
2.
4
cm
)
15
3-
1—
1
Cl
ho
ri
zo
n;
ve
ry
pa
leb
ro
wn
(l
OY
R
7/
3)
sa
nd
;
si
ng
le
gr
ai
ne
d;
lo
os
e;
co
mm
on
ro
ot
s
in
up
pe
r
18
in
ch
es
;
effervescent.
O-
50
"(
0—
12
7.
0
cm
)
15
3—
1—
2
C1
ho
ri
zo
n;
ve
ry
pa
le
br
ow
n
(l
OY
R
7/
3)
sa
nd
;
si
ng
le
gr
ai
ne
d;
lo
os
e;
ef
fe
rv
es
ce
nt
;
cl
ea
r
sm
oo
th
bo
un
da
ry
.
50
-6
0”
(1
27
.0
—
15
3—
1—
3
C2
ho
ri
zo
n;
li
gh
t
ye
ll
ow
is
h
br
ow
n
(l
OY
R
6/
4—
we
t)
15
2.
4
cm
)
sa
nd
;
si
ng
le
gr
ai
ne
d;
co
mm
on
me
di
um
fa
in
t
st
ro
ng
br
ow
n
(7
.5
YR
5/
6)
mo
tt
le
s
in
lo
we
r
4
in
ch
es
;
ma
ny
ba
rk
fr
ag
me
nt
s
an
d
pi
ec
es
of
br
an
ch
es
;
no
ns
ti
ck
y;
effervescent; water at 60 inches.
PROFILE NUMBER: 2
LO
CA
TI
ON
:
At
CO
un
ty
Par
k,
ea
st
of
Ma
ni
st
iq
ue
;
ap
pr
ox
im
at
el
y
SW
1/4
,
NE
1/4
,
Section 11, T41N, RlSW.
SHO
RE
TYP
E:
Non
—er
odi
ble
low
pla
in
(De
spi
te
thi
s
cla
ssi
fic
ati
on
ass
ign
ed
by
the
U.S
. A
rmy
Cor
ps
of
Eng
ine
ers
,
the
re
is
evi
den
ce
tha
t t
his
blu
ff
erodes.)
DA
TE
OF
CO
LL
EC
TI
ON
:
Ju
ne
23
-2
5,
19
75
COL
LEC
TOR
S:
Uni
ver
sit
y
of
Mic
hig
an
Coa
sta
l
Zon
e L
abo
rat
ory
SUP
PLE
MEN
TAL
INF
ORM
ATI
ON:
Wat
er
tab
le
at
app
rox
ima
tel
y
150
cm.
 
Sample
Sam
ple
Dep
th
Num
ber
Sam
ple
Des
cri
pti
on
0—50
"(O—
127.
0 cm
) 1
53—2
-1
Cl h
oriz
on;
ligh
t gr
ay
(lOY
R 7/
2)
sand
; s
ingl
e
grained; loose; common roote in upper 24 inches;
effervescent; abrupt smooth boundary.
50—6
0"(1
27.0
~
153—
2—2
Alb
hori
zon;
dark
gray
ish
brow
n (
lOYR
4/2)
sand
;
152.4 cm) single grained; loose; many medium faint dark gray
l
(lOYR 4/1) and few fine distinct reddish yellow 5
(7.5YR 6/6) mottles; common root fragments and wood
chips; effervescent.
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PROFILE NUMBER:
LOCATION:
SHORE TYPE:
COLLECTORS:
South
of
Coast
Guard
Station
in
Section
18,
T41N,
Rl4W.
Low sand dune
DATE OF COLLECTION:
June 23—25, 1975
SUPPLEMENTAL INFORMATION:
Sample Depth
5—i8"(12.7-
45.7 cm)
18—23”(45.7—
58.4 cm)
23-26"(58.4—
66.0 cm)
26-29”(66.0-
73.7 cm)
29—30"(73.7—
76.2 cm)
30-39"(76.2-
99.1 cm)
39—54"(99.1-
137.2 cm)
Sample
Number
153-3—1
153-3-2
153—3-3
153—3—4
153—3—5
153-3—6
153—3—7
University
of
Michigan
Coastal
Zone
Laboratory
Water
table
at
about
130
cm;
C1
horizon
(0—5
inches)
was
not
sampled
but
consisted
of
white
(lOYR
8/1)
limestone
cobbles
and
flags,
2-10
inches
in
diameter.
It
was
also
effervescent
and
had
a
clear
smooth
boundary.
Sample Description
IICZ
horizon;
very
pale
brown
very
gravelly
and
cobbly
sand;
single
grained;
loose;
80
percent
limestone
gravelly
and
cobbles
to
6
inches
in
dia—
meter;
effervescent;
abrupt
smooth
boundary.
IIIC3
horizon;
very
pale
brown
(lOYR
7/3)
sand;
single grained;
loose; about 50 percent wood frag-
ments;
l/2—l inch in diameter and up to 12 inches
long; effervescent; abrupt smooth boundary.
IVC4 horizon; dark grayish brown (lOYR 4/2) very
gravelly loamy sand; massive; firm; over 90 percent
angular limestone fragments 1/8—3/4 inch in diameter;
effervescent; abrupt smooth boundary.
IVCS horizon; brown (lOYR 5/3) very gravelly loamy
sand; massive; firm; over 90 percent angular limestone
fragments 1/8—3/4 inch in diameter; effervescent;
abrupt smooth boundary.
VAlb horizon; dark gray (lOYR 4/1) very gravelly
loamy sand; single grained; loose; 80 percent
angular limestone fragments 1-3 inches in diameter;
effervescent; abrupt smooth boundary.
VIClb horizon; very pale brown (lOYR 7/3) sand;
single grained; loose; effervescent; clear smooth
boundary.
VIIClb horizon; yellowish brown (lOYR 5/4) sand;
single grained; non-sticky; common black (lOYR 2/1)
and dark grayish brown (lOYR 4/2) streaks and
blotches of organic material; effervescent.
177
PROFILE NUMBER: 4
LO
CA
TI
ON
:
Ea
st
of
Th
om
ps
on
at
ro
ad
si
de
pa
rk
;a
pp
ro
xi
ma
te
ly
SW
1/
4,
NE
1/
4,
S
e
c
t
i
o
n
2
8
,
T
4
1
N
,
R
l
6
w
.
SH
OR
E
TY
PE
:
L
o
w
sa
nd
du
ne
D
A
T
E
OF
CO
LL
EC
TI
ON
:
Ju
ne
23
—2
5,
19
75
CO
LL
EC
TO
RS
:
Un
iv
er
si
ty
of
Mi
ch
ig
an
Co
as
ta
l
Zo
ne
La
bo
ra
to
ry
SU
PP
LE
ME
NT
AL
IN
FO
RM
AT
IO
N:
Wa
te
r
ta
bl
e
at
ap
pr
ox
im
at
el
y
70
cm
.
 
Sample
Sa
mp
le
De
pt
h
Nu
mb
er
W
0-
ll
"(
O—
27
.9
cm
)
15
3—
4—
1
C1
ho
ri
zo
n;
li
gh
t
gr
ay
(l
OY
R
7/
2)
sa
nd
;
si
ng
le
gr
ai
ne
d;
lo
os
e;
fe
w
li
ve
ro
ot
s;
ef
fe
rv
es
ce
nt
;
abrupt smooth boundary.
11
—1
4"
(2
7.
9—
15
3—
4—
2
Al
bl
ho
ri
zo
n;
ve
ry
da
rk
gr
ay
(l
OY
R
3/
1)
sa
nd
;
ve
ry
35
.6
cm
)
we
ak
fi
ne
gr
an
ul
ar
st
ru
ct
ur
e;
ve
ry
fr
ia
bl
e;
fe
w
fi
ne
pr
om
in
en
t
ye
ll
ow
is
h
re
d
(5
YR
5/
3)
an
d
ma
ny
me
di
um
fa
in
t
da
rk
gr
ay
(l
OY
R
4/1
)
mo
tt
le
s;
10
—1
5
per
cen
t w
ood
y
fra
gme
nts
;
eff
erv
esc
ent
;
abr
upt
smo
oth
boundary.
14
—2
2"
(3
5.
6—
15
3—
4—
3
Cl
b
ho
ri
zo
n;
li
gh
t
gr
ay
(l
OY
R
7/
2)
sa
nd
;
si
ng
le
55
.9
cm
)
gr
ai
ne
d;
lo
os
e;
fe
w
fi
ne
pr
om
in
en
t
ye
ll
ow
is
h
re
d
and
few
med
ium
dis
tin
ct
str
ong
bro
wn
(7.
5YR
5/6
)
and
red
ish
yel
low
(7.
5YR
6/6
)
mot
tle
s;
les
s
tha
n
2 percent woody fragments; effervescent; abrupt
smooth boundary.
22
—2
4"
(5
5.
9—
15
3—
4—
4
A1
b2
ho
ri
zo
n;
gr
ay
(l
OY
R
5/
l)
--
da
rk
gr
ay
(l
OY
R
5/1
)
61
.0
cm)
in
up
pe
r
1/
3
or
ho
ri
zo
n—
—s
an
d;
si
ng
le
gr
ai
ne
d;
non—sticky; 30—50 percent woody fragments; effer—
vescent; abrupt smooth boundary.
24—
50"
(6I
.O—
153
—4—
5
C1b
2
hor
izo
n;
gra
yis
h
bro
wn
(lO
YR
5/2
)
san
d;
sin
gle
127
.0
cm)
gra
ine
d;
non
—st
ick
y;
eff
erv
esc
ent
;
log
at
50
cm.
PROFILE NUMBER: 5
LOCA
TION
:
Sout
h of
Thom
pson
; a
ppro
xima
tely
NE 1
/4,
NW 1
/4,
Sect
ion
10,
T39N
,
R17W.
SHORE
TYPE:
Non—e
rodib
le l
ow pl
ain
(Desp
ite t
his c
lassi
ficat
ion
assig
ned
by th
e
U.S. Army Corps of Engineers, there is evidence that some erosion
does take place.)
DATE OF COLLECTION: June 23—25, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Water table at approximately 75 cm.
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PROFILE NUMBER: 5(continued)
Sample
Sample Depth Number
O-ll"(0-27.9 cm) 153-5-1
ll—l7"(27.9— 153-5-2
43.2 cm)
17-50"(43.2— 153-5-3
127.0 cm)
Sample Description
Cl
horizon;
light
gray
(lOYR
7/2)
sand;
single
grained;
loose;
effervescent;
abrupt
smooth
boundary.
Alb
horizon;
dark
gray
(lOYR
4/1)
sand;
very
weak
fine
granular
structure;
discontinuous
very
dark
brown
(lOYR
2/2)
organic
layer
1
inch
thick
at
top
of
this
horizon;
very
friable;
effervescent;
clear
smooth boundary.
Clb
horizon;
light
gray
(lOYR
7/2)
sand;
single
grained;
non—sticky;
common fine
and medium,
pro—
minent yellowish red (SYR 5/8) mottles in upper
19 inches; effervescent.
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0-60
"(15
3—1:
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Ex
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h
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um
be
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ra
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r
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“
 
To
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Ph
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l
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at
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N
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N
To
ta
l
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ni
c
Ca
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C
a
l
c
i
u
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gn
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Iron
Ma
ng
an
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e
Al
um
in
um
Ti
ta
ni
um
Z
To
ta
l
So
li
ds
(1
05
°C
)
Sp
ec
if
ic
Gr
av
it
y
(2
0°
C)
Boron
Bar
ium
Ca
dm
iu
m
Cob
alt
Ch
ro
mi
um
Co
pp
er
Mol
ybd
enu
m
Lead
Tin
Vana
dium
Yt
tr
iu
m
Zinc
*K
in
di
ca
te
s
"l
es
s
th
an
".
 
Tot
al
60
30
400
1
9
6
0
10
90
K2
5
2
0
5
0
18
22
7
49
9
9
.
1
2
.
7
2
K15
K5
K25
K
5
K
1
K3
0
KS
K50
K1
0
K2
KS
2
7
27
19
1
3
15
K1
00
1
9
0
0
95
4
10
.4
51
.5
7.
0
21.6
K0
.3
1.1
0.9
K0.S
K0.3
K0.3
K2
K3
K3
K
5
K0.3
2.
3
SC
HO
OL
CR
AF
T
PR
OF
IL
E
1
(m
g/
kg
dr
y
we
ig
ht
)*
0-5
0"(
153
—
Ex
tr
.
AT
ot
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8
0
K38
K300
1550
86
0
12
4
49
90
1
1
4
771
76
96
.6
2.
78
K15
16
K1
3
1
7
96
3
1
5
K30
K5
K
5
0
K10
K2
1—2)
 
24
24
1
2
9
11
K1
00
13
00
64
7
6.
8
47
.8
4.7
21
.1
K0.3
K1
0.
7
0.
5
K1
K0
.3
K0.3
K2
K
3
K
3
K0
.3
2.
6
3
0
32
400
19
20
12
3
K25
1170
K15
19
6
21
8
1
.
4
2.
60
K15
K10
K1
K25
K5
K1
K30
K
5
K50
K10
K2
K
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6
15
1
8
8
K9
20
0
97
5
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0
8.
1
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0.
8
34
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1.6
K1
K2
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1
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1
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K10
K1
0
K1
21
.1
  
To
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SCHOOLCRAFT PROFILE 2 (mg/kg dry weight)*
Sample Depth (Number)
0—SO"(lS3—2-1)
50—60"(153-2~2)
   
Farameter
Total
Extr.
Tota.l_._ Extr.
‘Total _Extrf
Total
Extr.
Total
Ext—{:9
Total Extr.
Total Phasphorus
40
18
40
8
Orthophosphate—P
18
8
Total Kjeldahl Nitrogen
45
11
180
16
Nitrate/Nitrite-N
3
8
Ammonia—N
K9
K9
Total Organic Carbon
A00 100
3400 K100
Calcium
1‘140 1:120
A730 3890
Magnesium
2400
2120
2830
2030
Sodium
K25
10.9
K25
10.0
Iron
1200
50.7
1360
140.0
Manganese
17 8.0
17
7.0
Aluminum
229 21.1
268 20.0
Titanium
25
K0. 3
28
K1
2 Total Solids (105°C)
99.2
78.3
Specific Gravity (20°C)
2. 76
2.64
Boron
K15
1.4
K15
1.9
Barium
K5 0. 7
K10 l. 2
Cadmium
K1
0.6
[(1
K0. 5
Cobalt
K25
K1
K25
K2
Chromium
K5
K0 . 3
K5
K1
Copper
K1
K0. 3
K1
K1
Molybdenum
K30
K2
K30
KS
Lead
K5
K3
K5
K10
Tin
K50
[(3
K50
K10
Vanndtull
K10
K5
K10
K10
Yttrium
K2
K0.3
K2
K1
Zinc
K5
17.4
K5
3.8
*K
indicates
"less
than"
 1
8
2
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h
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metE
r
Tot
al
Pho
sph
oru
s
Or
th
op
ho
sp
ha
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—P
To
ta
l
Kj
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Ni
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og
en
Ni
tr
at
e/
Ni
tr
it
e—
N
Am
mo
ni
a—
N
Tot
al
Org
ani
c C
arb
on
Cal
ciu
m
Ma
gn
es
iu
m
Sod
ium
Iron
Mang
anes
e
Alum
inum
Ti
ta
ni
um
2 Tota
l Sol
ids (
105”C)
Specif
ic Gr
avity
(20°C)
Bor
on
Bar
ium
Cadm
ium
Cob
alt
Chro
mium
Cop
per
Molyb
denum
L
e
a
d
Tin
Vanadium
Yttr
ium
Zinc
29—3
0"(
1§3-
3—§)
_
gg;
}9"
(15
3—3
—6)
_j
ot
a1
Ex
tr
a
K2
2
6
3
K67
18
7
1
0
11
00
0
20
0
57
90
0
32
70
0
275
00
859
0
K25
0
31.
6
200
0
1.1
220
21.
4
1470
5.4
70
K0.
3
9
4
.
3
K150
4.0
K50
2.3
1
0.6
K25
0
K1
K50
0.3
K10
K0.3
K30
0
K2
K30 K3
K500
5.5
120
K5
K2
0
0.
3
K50
11.0
SCH
OOL
CRA
FT
PRO
FIL
E 3
(mg
/kg
dry
wei
ght
)*
Tot
al
3
2
30
0
12
90
73
6
K25
1140
K15
26
7
2
4
90
.7
2.
80
K15
K
5
K1
K25
K5
K1
K30
K50
K10
K2
K5
Ext
r.
9
9
K10
K6
K
9
K100
86
0
407
6.
2
43.6
3.4
27.9
K0.3
K
1
1.1
0.6
K1
K0.3
K0.3
K2
K
3
K
3
K5
K0.3
2.5
Tot
al
39-
54“
(3§
3—3
~71
Ex£
£;_
__.
~
42
68
1600
28
6
110
K25
10
90
K15
3
0
3
20
82
.8
2.
64
K15
K
5
K
1
K25
K5
K1
K
3
0
K
5
K50
K10
K2
K5
*K
ind
ica
tes
"le
ss
tha
n".
17
1
7
K10
K6
K
9
K100
353
43.8
35
.7
61.0
4.0
52
.0
K1
K2
2.0
0.8
K
2
K1
K
1
K
5
K10
K10
K10
K
1
4.3
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SCHOOLCRAFT PROFILE 4 (mg
/kg dry weight)*
  
Sample Depth
(Number)
11—14"(153—4-2
) 14—22
"(153—4-3)
22—24"(153—4—4
) 24—50
"(153-4—S)
Parameter Total Extr. Total Extr. Total Extr. Total Extr. Total Extr. Total Extr
 
Total Phospho
rus
200 39
52 38
60 52
60 27
Orthophosphat
e—P
39
37
45
27
Total Kjeldah
l Nitrogen
280 15
42 18
75 22
25 18
Nitrate/Nitrite-N 9 K6 K6 16
Ammonia—N
9
9
13
13
Total Organic Carbon
5700 200 500
K100 2400 100
700 K100
Calcium
5880 4780 6220
5910 4960 5150
4220 2880
Magnesium
2730 2420 3600
3270 2960 2790
2490 1380
Sodium
56 11.0
29 13.4
35 25.6
K25 11.9
Iron
2580 135
2020 98.8
2580 84.6
2400 44.5
Manganese
. 81 50
19 7. 3
23 7.0
19 4 . 1
Aluminum
794 98
.1
282 34
.2
393 44
.1
256 23
.0
Tltaniull
69 K
1
54 K
1
113
Kl
87 K
1
Z Total S
olids (10
5°C)
76.1
81.9
79.0
Specific
Gravity (
20°C)
2.72
2.82
2.76
  
1
8
3
Boron
K15 2
.1
K15 2
.1
K15
K2
Barium
17
K5 1.3
K5 1.2
Cadmium
K1
K1
K1
K1
K1
K1
Cobalt
K25
K2
K25
K2
K25
K2
Chromium
K5 K1 K5
Copper
4
K1
K1
K1
K1
Molybde
num
K30
K5
K30
K30
K5
Lead
14 1
0.4
K5
K10
K5
K10
Tin
K50 K
10
K50 K
10
K50 K
10
K5
K1
Q
E
‘
Q
Vanadium
16 K10
13 [(10
13 K10
Yttriul K2 K1 K2 K1 K2 K1
Zinc
53 23.6 5 10.9 5 3.3
*K indicates "less than".
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"C
)
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vit
y (
20°
C)
Boron
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m
Cob
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Ch
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Cop
per
Mol
ybd
enu
m
Le
ad
Ti
n
Vana
dium
Yttrium
Zinc
*K indicates "less than"
 
Tot
al
25
46
2
2
0
0
11900
68
30
K2
50
935
K1
50
22
0
31
9
8
.
5
2.
62
K1
50
K
1
K2
50
K50
K10
K3
00
K
5
K5
00
K100
K20
K50
16
13
28
2
8
15
K100
8380
4310
15.7
33
.9
5
.
8
22.9
K0.3
1.8
K0.3
0.7
K
1
K0.3
K0.3
K
2
K
3
K
3
K5
0.3
2.2
Ext
r;
11—
17"
(15
3—5
—2)
Tot
al
13
230
1900
147
00
84
90
K250
12
00
K1
50
250
3
7
9
3
.
0
2.63
K150
K50
K
1
K2
50
K50
K1
0
K300
K100
K20
K50
SCH
OOL
CRA
FT
PRO
FIL
E 5
(mg
/kg
dry
wei
ght
)*
 
Ex
tr
.
17
13
1
7
9
K
9
200
9
1
4
0
4600
15
.8
32
.4
12.3
20
.4
K0.3
1.8
0.9
0.6
K1
K0.3
K0.3
K
2
K
3
K
3
K0
.3
3.
4
17—50"
953-54
1
Tot
al
3
7
150
1500
11
40
0
6560
K2
50
992
K150
177
17
89
.5
2.
92
K1
50
K50
K1
K250
K5
0
K10
K300
K
5
K5
00
K100
K20
K50
Ext
r.
 
K9
K1
00
37
60
2040
13
.4
197
2.1
11.5
K0.3
1.
4
0.
6
0.6
K1
K0.3
K0.3
K
3
K3
K
5
K0.3
3.7
Tot
al
Ext
r.
To
ta
l_
»
Ex
tr
.
To
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l
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tr
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PROFILE NUMBER: 1
LOCATION:
Section
14,
T.
25
N.,
R.
9
E.
SHORE TYPE: Erodible low plain
DATA OF COLLECTION: June 19, 1975
COLLECTORS:
University
of
Michigan
Coastal
Zone
Laboratory
SUPPLEMENTAL
INFORMATION:
Sample
001-2-1
taken
from
face
of
bluff
just
east
of
other samples.
Sample
Sample
Depth
Number
Sample
Description
0—7"(O—l7.8
cm)
OOl—l—l
Al
horizon;
light
yellowish
brown
(lOYR
6/4)
sand;
single
grained;
loose;
mildly
alkaline;
diffuse
wavy boundary.
7—60"(l7.8-
OOl—l—2
C horizon;
pale
brown
(lOYR
6/3)
sand;
single
152.4
cm)
grained;
loose;
slight
effervescence.
0—60"(0—
001—2—1
C
horizon;
pale
brown
(lOYR
6/3)
sand;
single
152.4
cm)
grained;
loose; slight effervescence.
PROFILE NUMBER: 2
LOCATION: Section 12, T. 27 N., R. 9 E.
SHORE TYPE: Erodible low plain lakeward/wetlands landward
DATE OF COLLECTION: June 19, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Sample 001—4—1 taken from face of bluff just east of
other samples.
Sample
Sample Depth Number Sample Description
0-7"(O—l7.8 cm) 001—3—1 Al horizon; brown (lOYR 5/3) sand; single grained;
loose; mildly alkaline; gradual wavy boundary.
7-24"(l7.8— 001-3—2 Cl horizon; light yellowish brown (lOYR 6/4) sand;
61.0 cm) single grained; loose; mildly alkaline; gradual
wavy bOundary.
24-60"(6l.0— 001-3-3 C2 horizon; pale brown (lOYR 6/3) sand; single
152.4 cm) grained; loose; slight effervescence.
Cl horizon; pale brown (lOYR 6/3) sand; single
grained; loose; effervescent.
O—60"(O-152.4 cm) 001-4—1
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PROFILE NUMBER: 3
LOCATION:
SHORE TYPE:
DATE OF COLLECTION:
COLLECTORS:
T. 28 N., R. 9 E.
Erodible low plain
June 19, 1975
SUPPLEMENTAL INFORMATION:
Sample DeEth
O—2"(O—5.l cm)
8—60"(20.3—
152.4 cm)
Sample
Number
001—5—1
001-5—2
University of Michigan Coastal Zone Laboratory
No bluff along this profile; water table at approximately
25.4 cm.
Sample DescriEtion
Al horizon; very dark gray (lOYR 3/1) loamy fine
sand; weak fine granular structure; very friable;
neutral gradual smooth boundary.
Cg horizon; gray (lOYR 5/1) fine sand; single
grained; loose; mildly alkaline.
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ALCONA PROFIL
E 1 (mg/kg dr
y weight)*
7 “7m
"—
7‘77"
"7 "7”
'“7
0-7"(
001_1
—1
7—60
(001
4-2)
0—60
(001—
2—1)
__
_
Total
-wixr
tizﬂ
Total
Extr.
Total
Extr.
Total
Extr.
Total
Extr.
Total
Extr.
 
Total
Phosph
orus
70
35
45
21.
21
23
Orthop
hospha
te-P
30
21¢
19
Total
Kjelda
hl Ni
trogen
13
K10
K33
18
9.0
K10
Nitrat
e/Nitr
ite—N
10
K6
7
Ammoni
a-N
K9
9
K9
Total Organic Carbon
400 K100
1400 K100
300
100
C81C1um
4100
1:220
3400
33/40
6810
[01:40
Magneslun
21000
1990
1800
1520
3100
1700
Sodium
30
11
36
11;
35
11
Iron
3100
54.7
2100
52.8
2300
52.6
Manganese
28
9.1
25
7.3
28
8.8
Aluminul
699
19.0
53¢
18.4
531
“.2
Titanium
122
[(0.3
127
[(0.3
106
K0.3
2 Total Solids (105°C)
97.7
95.1
96.7
1
8
7
Specific Gravity (Zo'c)
2.65
2.79
2.73
Boron
K15
1.3
K15
1.10
K15
1.3
Barium
K5
0.6
[(5
0.7
K5
0.4
Cad-lu-
K1
0.6
K1
K0.5
K1
[(0.5
Cobalt
K25
Kl
K25
K1
K25
Kl
Chromium
K5
K0. 3
K5
K0. 3
K5
K0. 3
Copper
Kl
K0. 3
K1
K0. 3
K1
K0. 3
Molybdenul
K30
K2
K30
K2
K30
[(2
Dead
K5
K3
K5
K3
[6
K3
Tin
K50
K3
K50
K3
K50
K3
Vunldiulll
1!.
K5
[(10
KS
12
K5
Yttrium
K2
[(0.3
[(2
[(0.3
K2
KO.3
line
7
10.0
6
5.1
6
1.6
*K indicates "less than".
 
   
  
ALCONA PROFILE 2 (mg/kg dry weight)*
0_‘Z"_(9_0_1_'_3~ .1) v 7:24:1091172).
Ext
r.
 
Sam 1e De th Number)
24‘60"(901-3‘31
Total Extr.
9-60"(001—4-11~
Total Extr. Total
 
Total
Extr.
 
1
8
8
arame er
 
Tot
al Ext}.
Total
Extg.
 
Total Phosphorus
Orthophosphate-P
Total Kje
ldahl Nit
rogen
Nitrate/Nitrite—N
Ammonia—N
Total Organic Carbon
Calcium
Magnesium
Sodium
Iron
Manganese
Aluminum
Titanium
Z Total Solids (105°C)
Specific Gravity (20°C)
Boron
Barium
Cadmium
Cobalt
Chromium
Copper
Molybdenum
Lead
Tin
Vanadium
Y
t
t
r
i
um
Zinc
*K indicates "less 66am"
62
8
5
1000
7000
3200
44
2960
4
0
725
233
98.2
2.65
K15
K
5
K1
K25
K
5
K1
K30
K
5
K50
16
K2
30
28
16
7
K9
K100
5920
2720
112
14.5
2
4
.
9
K0.3
1.7
0.6
0.5
K
1
K0.3
K
0
.
3
K2
K
3
K
3
K
5
K0.3
6.6
5
2
42
900
5790
2900
39
2850
3
7
677
201
96.4
2.78
K15
K
5
K
2
5
K
5
K
1
K30
K
5
K50
1
4
K2
27
'27
11
K6
K9
K100
5200
2530
120
136
24.1
K0.3
1.4
1.7
K0.5
K
1
K0.3
K
0
.
3
K
2
K
3
K
3
K5
K0.3
3.
0
61
160
700
8720
3800
49
2500
38
732
201
96.0
2.70
K
1
5
K
5
K
1
K25
K
1
K30
K5
K50
35
K
2
13
32
32
12
K6
K
9
700
7240
3110
120
14.6
20.8
K0.3
1.7
K0.3
K
0
.
5
K0.3
K0.3
K2
K3
K3
K5
K
0
.
3
4.0
52
28
30
0
24000
3210
12
6
31
40
42
626
122
96.6
2.63
1
7
K
1
K25
K
5
1.5
K30
K
S
5
4
16
K
2
105
31
30
2
1
K
6
K
9
K100
6340
2730
2
5
117
13.9
20.6
K0.3
1.5
0.4
0.6
K1
K0.3
K0.3
K2
K
3
K
3
K
5
K0.3
2.2
 
ALCONA
PROFILE
3
(mg/kg
dry
weight)*
 
Samle
Death
(Numbe r)
0—2"19Q1-j:.ll__
SerL'mOlﬂ,_.
_____l-ﬁ
Parameter
Total
Extr.
Total
Extr.
Total
Extr.
Total
Extr.
iotgl
Extr.
Total Extr.
    
Total
Phosphorus
110
79
600
140
Orthophoaphate-P
76
137
Total
Kje1dahl
Nitrogen
320
1.2
180
23
Nitrate/Nitrite-N
12
9
Ammonia-N
10
10
Total
Organic
Carbon
7900
300
S900
200
Calcium
76140
6670
9420
6920
Magnesium
3780
2920
A620
3400
Sodium
55
21
24
21
Iron
2620
139
2110
2010
Manganese
lol
28. 1
32
11 . 9
Aluminum
842
58.2
918
53.14
Titanium
15b
0.8
166
1.1
1
Total
Solids
(105°C)
71.9
73.2
Specific
Gravity
(20°C)
2.56
2.46
1
8
9
Boron
[(15
2.5
K15
2.3
Barium
K5
3.2
K5
1.8
Cadmiul
K1
0. 9
K1
0. 9
Cobalt
[(25
K1
K25
K1
Chromium
K5
K0.
3
K5
K0.
3
Copper
1.5
0.1:
1.5
K0.3
Molybdenum
[(30
K2
K30
K2
Lead
K5
[(3
l6
[(3
Tin
K50
[(3
K50
K3
Vanadium
16
KS
[(10
KS
Yttrium
K2
[(0.3
[(2
KO.3
Zinc
11
6.9
12
7. 8
*K
indicates
"less
than".
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HURON COUNTY, MICHIGAN
 
PROFILE NUMBER: 1
LOCATION: Section 20, T. 15 N., R. 16 E.
SHORE TYPE: Erodible high bluff
DATE OF COLLECTION: June 20, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Samples 063-10-1 and O63-10—2 taken from face of bluff
just eastof other samples.
Sample
Sample Depth Number
O-6"(0-15.2 cm) O63—9-l
Sample Description
Al horizon; dark grayish brown (lOYR 4/2) silt
loam; moderate medium granular structure; friable;
mildly alkaline; gradual wavy boundary.
6-14"(15.2-
063-9—2
B2 horizon; brown (lOYR 5/3) silty clay loam;
35.6 cm) moderate medium angular blocky structure; firm;
mildly alkaline; gradual wavy boundary.
14—60"(35.6—
063—9—2
C horizon; pale brown (lOYR 6/3) silt loam; with
152.4 cm)
common medium distinct yellowish brown (lOYR 5/6)
mottles;
weak medium
subangular
blocky
structure;
effervescent.
0—9"(0—22.9 cm)
063-10—1
Cl horizon; brown (lOYR 5/3) silt loam; weak
medium
subangular
blocky
structure;
friable;
effervescent; gradual wavy boundary.
9-60"(22.9—
063—10—2
C2 horizon;
gray (lOYR 5/1) and yellowish brown
152.4 cm)
(lOYR 5/6) stratified very fine sand and silt loam;
weak
thin
platy
structure;
friable;
effervescent.
PROFILE NUMBER: 2 ,
LOCATION: Section 29, T. 18 N., R. 15 E.
SHORE TYPE: Erodible low plain
DATE OF COLLECTION: June 20, 1975
COLLECTORS:
University
of
Michigan
Coastal
Zone
Laboratory
SUPPLEMENTAL
INFORMATION:
Samples
O63-8—l
and
063-8-2
taken
from
face
of
bluff
just east of other samples.
Sample
Sample
Depth
Number
Sample
Description
Al
horizon;
dark
brown
(7.5YR
3/2)
gravelly
sandy
loam;
moderate
medium
granular
structure;
friable;
75
percent
gravel;
mildly
alkaline:
clear
wavy
boundary.
 
O-ll"(0-27.9 cm) O63-7—l
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u
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p
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c
e
n
t
g
r
a
v
e
l
;
m
o
d
e
r
a
t
e
l
y
a
l
k
a
l
i
n
e
;
c
l
e
a
r
s
m
o
o
t
h
boundary.
9-60"(22.9-
O63—8—2
IIC
horizon;
brown
(lOYR
5/3)
silt
loam;
weak
medium
152.4
cm)
angular
blocky
structure;
firm;
effervescent.
PROFILE NUMBER: 3
LOCATION: Section 24, T. 19 N., R. 13 E.
SHORE TYPE: Non-erodible low bluff
DATE OF COLLECTION: June 20, 1975
COLLECTORS:
University
of
Michigan
Coastal
Zone
Laboratory
SUPPLEMENTAL
INFORMATION:
No
significant
bluff
at
this
profile
location.
' Sample
Sample Depth
Number
Sample Description
O-8"(O—20.3
cm)
063-6—1
Al horizon;
brown
(lOYR 5/3)
sand;
single
grained;
loose;
mildly
alkaline;
gradual
wavy
boundary.
8—36"(20.3—
063-6-2
Cl horizon;
pale brown
(lOYR
6/3)
sand;
single
91.4
cm)
grained;
loose;
mildly
alkaline;
gradual wavy
boundary.
36—60"(91.4—
063—6—3
C2 horizon; brown (lOYR 5/3)
gravelly sand;
single
152.4 cm) grained; loose; effervescent.
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PROFILE NUMBER: 4
LOCATION: Section 8, T. 18 N., R. 12 E.
SHORE TYPE: Low sand dune
DATE OF COLLECTION: June 20, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Sample 063—5—1 taken from face of bluff just north of
other samples.
Sample
Sample Depth Number
0—6"(0—15.2 cm) 063—4-1
Sample Description
Al horizon; pale brown (lOYR 6/3) fine sand; weak
medium granular structure; very friable; moderately
alkaline; abrupt smooth boundary.
6-10"(15.2- 063-4—2 IICl horizon; dark brown (lOYR 3/3) loam; weak
25.4 cm) medium subangular blocky structure; friable;
effervescent; abrupt smooth boundary.
lO—60"(25.4- 063—4-3 IIIC2 horizon; pale brown (lOYR 6/3) sand; single
152.4 cm) I grained; loose; effervescent.
C1 horizon; brown (lOYR 5/3) silt loam; with common
medium distinct yellowish brown (lOYR 5/6) mottles;
weak medium subangular blocky structure; friable;
effervescent.
0-60"(0‘152.4 cm) O63-5—l
PROFILE NUMBER: 5
LOCATION: Section 4, T. 17 N., R. 10 E.
SHORE TYPE: Erodible low bluff
DATE OF COLLECTION: June 19, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: Sample 063—3—1 taken from face of bluff just west of
other samples.
Sample
Sample Depth Number
O-8"(0—20.3 cm) O63—2-l
Sample Description
Al horizon; light yellowish brown (lOYR 6/4) sand;
single grained; loose; neutral; gradual wavy
boundary.
8-60"(20.3- 063—2-3 C horizon; pale brown (lOYR 6/3) sand; single
152.4 cm) grained; loose; mildly alkaline.
O—60"(0—152.4 cm) 063-3—1
C horizon; pale brown (lOYR 6/3) sand; single
grained; loose; effervescent.
192
 PROFILE NUMBER: 6
LOCATION: Section 11, T. 16 N., R. 9 E.
SHORE TYPE: Wetland
DATE OF COLLECTION: June 19, 1975
COLLECTORS: University of Michigan Coastal Zone Laboratory
SUPPLEMENTAL INFORMATION: No bluff; water table at approximately 30 cm.
Sample
Sample Depth Number Sample Description
0—8"(0-20.3 cm) 063—1—1 Al horizon; very dark brown (lOYR 2/2) sandy loam;
moderate medium granular structure; effervescent;
clear wavy boundary.
8—32"(20.3- 063—1—2 Cg horizon; gray (lOYR 5/1) gravelly sand; single
81.3 cm) grained; loose; effervescent; gradual wavy boundary.
32—60"(8l.3— 063-1—3 IICg horizon; gray (lOYR 6/1) clay loam; with common
152.4 cm) medium distinct yellowish brown (lOYR 5/4) mottles;
massive firm; effervescent.
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Sample Depth (Number)
0—6"(O6332:12Mﬁ
Parameter
Total Phosphorus
Orthophosphate—P
Total Kjeldahl Nitrogen
Nitrate/Nitrite—N
Ammonia—N
Total Organic Carbon
Calcium
Magnesium
Sodium
Iron
Manganese
Aluminum
Titanium
2
Total
Solids
(105°C)
Specific
Gravity
(20°C)
Boron
Barium
Cadmium
Cobalt
Chromium
Copper
Molybdenum
Lead
Tin
Vanadium
Yttrium
Z
i
n
c
Total
24
0
1200
13000
4480
32
00
K250
10800
290
8200
92
8
3
.
7
2.58
K150
5
2
K1
K250
K50
K10
K300
l
6
K500
K100
K10
K5
0
Extr.
3
8
3
6
29
2
3
1
0
400
51
00
1110
22.7
51.9
47.7
541
1.0
2.8
31.5
0.9
K
1
K0.3
1.0
K
2
4.2
K
3
K
5
1.5
5.0
HURON PROFILE 1 (mg/kg dry weight)*
6—14"(063—9-2)
260
1800
49600
17300
K250
14300
370
8980
140
88.8
2.50
K150
58
K250
K50
1
3
3
2
K500
100
K10
K50
K
9
100
42300
6190
26.5
4.1
44.4
K10
K0.3
3.4
10.5
0.6
K
1
K0.3
K
0
.
3
2.
4
K3
6.8
K
5
0.6
0.5
 
Total
230
1200
49900
16300
K
2
5
0
8850
240
4080
86
91
.0
2.48
K150
K
5
0
K250
K50
K10
K300
1
9
K500
K100
K10
14—60"(063—9-3)
K100
37100
6250
26.7
44.2
68.4
123
K0.3
3.3
10.2
0.7
1.2
0.3
K0.3
K2
K
3
K
3
1.8
2.1
 
0-9"(063-10-13
640
5200
55800
18300
K250
9890
297
4530
7
5
84.7
2.60
K150
K50
K
1
K250
K50
K10
K300
2
3
K500
K100
K10
K50
10
200
40400
7
7
8
0
29.8
114.1
99
.5
11.9
0.3
4.0
12.9
0.8
1.4
0.5
KO.3
K
2
K
3
K
3
K
5
1.0
2.1
9—60"(063-10-2)
Total
350
18000
42600
23100
K250
12300
460
4120
109
86.3
2.62
K150
K50
K250
K50
K10
K300
l9
K500
K100
K10
5
0
lExtr.
40
10
2
4
8
13
100
33100
10200
4
6
.
3
224
200
58.3
0.8
4.9
6
.
9
1.3
1.9
0.7
1.6
2.1
K
3
K
3
K
5
2.2
4.2
To ta 1
*K indicates "less than"
 
HURON
PROFILE
2 (mg/kg
dry weight)*
  
Sample Depth (Number)
0—11"(063- 7—1)
Parameter
_
Total
Egg .
11-29'1081-7—2)
29—60" (0§_3:7_—_3)l
0—9" (063—8—1)
9—60" (063-8—2)
“Total
Extr.
Total
Extr.
Total
Extr.
Total
Extr.
Total Exth
  
Total Phosphorus
450
3
580
20
260
62
530
21
21.0
50
Orthophosphate-P
3
19
57
18
50
Total Kjeldahl Nitrogen
1800
21
1100
18
440
80
2100
22
380
14
Nitrate/Nitrite-N
10
7
8
23
6
Ammonia-N
K9
10
11
9
K9
Total Organic
Carbon
15000
K100
9600
200
3l00
100
21000
300
3800
K100
Calcium
3240
2080
2370
1450
16500
13800
3120
2570
8830
9120
Magnesium
2600
209
2500
202
7180
3560
2470
397
5450
2270
Sodium
K250
13
K250
10
290
29
K250
6
K250
1.5
Iron
31500
63.3
27200
114
21600
372
23100
55.9
23700
2.94
Manganese
1090
19.5
K150
17.4
390
146
527
59.3
410
80.2
Aluminum
6860
448
5970
503
8170
1.35
5910
393
8680
449
Titaniun
27
0.1.
30
0.7
44
1.2
25
0.5
46
0.7
2 Total Solids
(105'c)
87.4
88.9
87.2
86.8
87.7
Specific Gravity (20°C)
2.32
2.59
2.73
2.1.7
2.67
1
9
5
Boron
K150
1.9
K150
1.8
K150
3.4
K150
2.4
K150
2.5
Barium
K50
40.3
K50
29.8
K50
30.6
65
31.6
52
31.4
Cadmium
K1
0. 7
K1
0. 7
K1
0. 9
K1.
0. 7
K1
0. 9
Cobalt
K250
K1
K250
K1
K250
7.6
K250
K1
K250
2. 3
Chromium
K50
0.3
K50
K0.3
K50
0.6
160
K0.3
K50
0.4
Copper
12
0.4
K10
0.6
1.6
1.6
K10
0.9
15
0.9
Molybdenum
K300
K2
K300
K2
K300
2. 4
K300
K2
K300
K2
lead
30
K3
18
K3
13
10.9
26
4.0
14
K3
Tin
K500
K3
K500
K3
K500
K3
K500
K3
K500
K3
Vanadium
108
K5
K100
K5
K100
KS
K100
K5
K100
K5
Yttrium
K20
0.5
K20
0.9
K20
2.8
K20
0.9
[10
2.1
Zinc
89
6.4
K50
5.2
71
13.2
64
6.1
68
4.1
 
“K
indicates
"less
than".
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3
9
9
0
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0
0
0
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50
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K25
K
5
1.2
K5
0
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K2
1
0
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7
1
0
9
K
9
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0
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69.5
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K0.3
K1
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0.6
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3.0
HU
RO
N
PR
OF
IL
E
3
(m
g/
kg
dr
y
we
ig
ht
)*
g—
36"
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8
4
4
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0
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301
K25
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00
5
4
744
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.3
2.
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K15
K1
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K5
1.4
K30
K
5
K50
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K2
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.
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1
5
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7
K9
K1
00
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.7
24.8
3
.
8
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K0.3
K1
2.5
0.
7
K0.3
K0.3
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K
3
K
3
K
5
K0.3
1.7
36—60"(063-6-3)
Tot
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25
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179
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5
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Kl
K25
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6
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K
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1
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.
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1
6
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8
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1
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9
63
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2
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.1
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Sample Depth (Number)
0-6"(063—4-1)
6-10"(0_63—4-2)_ 10-60"(063-l¢-—3l
Parameter
Total Ext}:J
Total Extr.
Total "Extr.
0—60"(063—5—1)
_'1‘o
_ta1
Extr
.
Total Phosphorus
80
42
250
120
29
26
210
90
Orthophosphate-P
41
110
23
89
Total Kjeldahl Nitrogen
61
10
750
31
41
K10
500
16
Nitrate/Nitrite—N
12
11
K6
K6
Ammonia-N
K9
12
K9
K9
Total Organic Carbon
1000
300
7000
200
K300
K100
5500
200
Calcium
2210
21:80
29800
30500
2030
611
32900
36100
Magnesium
1380
1110
12800
5800
1100
254
16800
8300
Sodium
K25
8
K250
29
K250
8
K250
40
Iron
2260
56.14
8940
65.1
5910
22.0
9710 100.3
Manganese
32
16. 3
190
76
K150
4.4
230
77
Aluminum
[599 145.1
6330
348
558
20.8
61050
46]
Titanium
’40 [(0.3
103
0.4
380 K0.3
109
2.7
Z Total Solids (105°C)
96.4
87.0
98.14
89.9
Specific Gravity (20°C)
2.61
2.514
2.76
2.67
Boron
K15
1.8
K150
5.5
K150
Kl
K150
1o. 7
‘Batiull
K5
2.10
K50
18.5
K50
0.5
[(50
210.2
Cadmium
K1
K0. 5
K1
0. 9
K1
K0. 5
K1
0 . 6
Cobalt
K25
Kl
K250
1.5
K250
K1
K250
1.4
Chromium
K5
K0. 3
K50
0.8
K50
K0. 3
K50
0. 4
Copper
K1
K0. 3
10
0.6
K10
K0. 3
10
0. 7
Molybdenum
K30
K2
K300
K2
K300
K2
K300
K2
Lead
K5
3.6
15
K3
K5
K3
16
K3
Tin
K50
K3
K500
I. .1.
K500
K3
K500
10.0
Vanadiun
11
K5
K100
K5
K100
K5
K100
K5
Yttrium
K2
KO.3
K20
2.0
K20
K0.3
K20
2.9
Zinc
7
5.2
K50
2.5
K50
2.0
[(50
6.8
Total Extr.
Total
Extr.
ﬁl
Indicates
"less
than"
 
 
 
  
1
9
8
‘ Mi
lne
) 32
—:-
- (.
14.
. —
._ .
_
. "
"":
‘—~
<L
‘M
ff
ﬂ
“4.
5,.
..4
56“
HUR
ON
PRO
FIL
E
5
(mg
/kg
dry
wei
ght
)*
 
Sa
m
1e
De
th
(N
um
be
r)
aram
eter
  
To
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Z To
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Grav
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C)
Bor
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Ca
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mium
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Lead
Ti
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ium
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s t
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1)
”
9‘
3"
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. _
l
_
To
ta
l
Eg
gr
.
To
ta
l
Ex
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.
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l
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50
31
64
22
AS
23
30
22
23
11
0
29
23
14
42
28
38
K6
10
13
K9
20
12
00
K1
00
10
00
10
0
60
0
K1
00
874
82A
785
626
907
708
53
0
24
3
52
2
22
5
54
3
28
3
K25
6
K25
8
K25
9
19
10
22
.8
18
80
22
.9
17
80
20
.5
25
5.6
23
6.2
19
3.8
451
26.
2
386
26.
9
310
18.
0
82
K0.
3
36
K0.
3
36
K0.
3
95.
2
96.
4
96.
1
2.5
7
2.6
5
2.7
8
K15
l.1
K15
1.1
K15
K1
K5
0.7
K5
0.8
KS
0.6
Kl
0.5
Kl
0.5
K1
K0.
5
K25
Kl
K25
K1
K25
K1
K5
K0.
3
K5
K0.
3
K5
K0.
3
K1
K0.
3
Kl
K0.
3
K1
KO.
3
K30
K2
K30
K2
K30
K2
K5
K3
K5
K3
K5
K3
K50
K3
K50
K3
K50
K3
K10
K5
K10
K5
K10
K5
K2
K0.
3
K2
K0.
3
K2
K0.
3
7
2.9
K5
2.8
KS
33
   
Tot
al E
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-!:3)
_
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.__
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_._
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Param
eter
Total
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Total
Extr.
Total
Extr.
Total
Extr.
Total
Extr.
Total
Extr.
    
Total P
hosphor
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A}
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K23
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1.3
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2
Total
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hl Ni
trogen
2200
57
110
28
K09
ll»
Nitrat
e/Nitr
ite-N
28
7
K6
Ammonia—N
l3
)4
K9
Total
Organi
c Carb
on
18000
400
800
200
1500
K100
Calciu
m
21400
24600
18100
26700
60100
52600
Magnes
ium
4280
3880
46A0
3730
18300
8260
Sodium
55
3/4
59
37
K2 50
39
Iron
2880
193
2220
132
7000
51
Mang
anes
e
66
53
38
28
181:
102
Aluminum
1070
155
766
85
1:200 2
5.6
Titaniu
m
31»
0.9
57
0.8
111
0.6
7. Total S
olids (10
5°C)
70.5
81.5
89.14
Specifi
c Gravi
ty (20°
C)
2.65
2.61
2.75
Boron
16
5.1
K15
2.5
K150
3.7
Barium
1h
11.1
7
4.3
K50
10.6
Cadmium
K1 K
1
K1 K
1
1 0.8
Cobalt
K25
K2
K25
K2
K250
K1
Chromiu
m
6
K1
K5
K1
K50
K0. 3
Copper
6 1 . 2
2 K1
K10 K0
. 3
Molybdenum
K30 K5
K30 K5
K300 2.6
head
39 24
K5 K5
19 K3
Tin
52 K
5
K50
K5
K500
11.
Vanadiu
m
29
K10
26
K10
K100
K5
Yttriu
m
K2
K1
K2
K1
K20
1.0
Zinc
[03 3
2
7 2.1
K50 2
.1
*K indicates
"less than".
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OSWEGO COUNTY, NEW YORK
 
PROFILE NUMBER: 1
LOCATION: Mileage marker 123.515; approximately 80 feet north of a limestone block
revetment near north end of Sandy Point Beach; 2.325 inches north of the
edge of air photo mosaic 11—35—4372432.
SHORE TYPE: Low sand dune lakeward/wetlands landward
DATE OF COLLECTION: July 2, 1975
COLLECTORS: St. Lawrence-Eastern Ontario Commission
SUPPLEMENTAL INFORMATION: Despite the shore type designation assigned by theArmy
Corps of Engineers, the sample collectors described this
profile as a high (approximately 14 meters) dune with
beach (approximately 12 meters wide). Bluff protected
by beach and offshore sand bar.
 
Sample
Sample Depth Number Sample Description
6"(15.2 cm) NY-l-l Dune sand; fine grained and well sorted; roots and
fine grained organic matter; sand cross bedded but
difficult to detect due to ferromagnesium—rich
mineral grains.
ll'(335.2 cm) NY-l—2 Dune sand; fine grained and well sorted.
PROFILE NUMBER: 2
LOCATION: Mileage marker 125.347, at Rainbow Shores; profile taken near a tree
stump on the back beach, about 60 feet south of a small dirt road
located on air photo mosaic 11—35-4312425; 2.46 inches north of the
southern edge.
SHORE TYPE: Low sand dune lakeward/wetland landward
DATE OF COLLECTION: July 2, 1975
COLLECTORS:
St.
Lawrence—Eastern Ontario
Commission
SUPPLEMENTAL INFORMATION:
The 5.5 meter bluff is protected by a gravel beach that
is about 10 1/2 meters wide and rises to a height of
about 1.7 meters at the toe of the bluff.
The strato-
graphic units are very variable and change suddenly when
traced from north to south.
9 meters south of the pro-
file,
the
entire bluff
consists
only
of a yellow—brown
sand (a channel fill deposit). The first meter consists
of
yellow-brown
silt
of very
fine
grained
sand.
The
next 0.7 meter consists of moderately sorted, partially
indurated
cobbles,
with
a
sandry
matrix.
The
next
approximately .4 meters consists of loose, brown,
pebbly
clayey sand.
The next approximately 2 meters consists of
gray
silty
clay
or
clay
silt.
200
 PROFILE
NUMBER:
2(continued)
Sample
Sample
Depth
N
um
b
g
g
Sample
Description
0"
NY—2—l
Al
horizon
10"(25.4
cm)
NY—2—2
B
horizon
21"(53.3
cm)
NY—2—3
IIB
horizon
42”(106.7
cm)
NY—2-4
IIC
horizon
78"(l98.l
cm)
NY—2—5
IIIC
horizon
PROFILE NUMBER: 3
LOCATION:
Mileage
marker
135.88,
at
Hickory
Grove;
located
on
air
photo
mosaic
11—35—392
to
387,
2.71
inches
east
of
the
east
bank
of
Catfish
Creek.
SHORE TYPE: Erodible low bluff
DATE OF COLLECTION: July 2, 1975
COLLECTORS:
St.
Lawrence—Eastern
Ontario
Commission
SUPPLEMENTAL
INFORMATION:
The
bluff,
which
is
approximately
6 meters
high,
is
protected
by
a
gravel
beach
that
is
about
4.5
meters
wide
and which
rises
to a height
of
about
1 meter
above
lake
level.
The
gravel consists
of very
poorly
sorted
pebbles,
cobbles,
and
boulders.
The
first
3
meters of the bluff consist of weathered, brownish-
gray till, containing several thin lenses of sand
overlying medium gray till. Numerous fresh slump scars
were found along the bluff.
 
Sample
Sample Depth Number Sample Description
0" NY-3—l Al horizon
16"(40.6 cm) NY—3—2 B horizon
31"(78.7 cm) NY-3-3 BB horizon
71"(l80.3 cm) NY—3—4 C horizon
142"(360.7 cm) NY-3—5 C2 horizon
PROFILE NUMBER: 4
LOCATION: Mileage marker 149.48; located on Oswego campus of the State University
College, 40 feet east of Johnson Hall. The profile lies 18.3 feet from
the cliff edge (0.675 inches east of western edge of air photo mosaic
11—35-3412336).
SHORE TYPE: Erodible low bluff
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.
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2
0
3
Sample Depth (Number)
11'(NY—1—2)
 
Parameter
Total Phosphorus
Orthophosphate—P
Total Kjeldahl Nitrogen
Nitrate/Nitrite-N
Ammonia~N
Total Organic Carbon
Cal
ciu
m
Magnesium
Sodium
Iron
Manganese
Aluminum
Titanium
2 Total Solids (lOS‘C)
Specific Gravity (20'C)
Boron
Bariu-
Cadmium
Cobalt
Chromium
Copper
Molybdenu-
lead
Tin
Vanadium
Yttrium
Z
i
n
c
*K
indicates
"less
than".
Total
15
0
K38
K300
53
0
540
K250
2830
K150
810
96
.6
2.74
K150
K5
0
K1
K250
K50
K10
K300
K500
K100
K20
K50
<E;Eif—
110
110
1
6
K6
K
9
K100
348
46.2
5.4
30.5
6.1
34.8
K0.3
K1
1.6
K0.5
K
0
.
3
K
0
.
3
K2
K
3
K3
K
5
0.7
3.0
OSWEGO PROFILE 1 (mg/kg dry weight)*
6"(NY—1—1)
Total
18
0
2000
11
20
56
0
A
B
4170
72
902
289
99.8
2.22
K15
K1
K25
K
1
K30
K5
K50
11
K
2
11
 
Extr.
180
17
6
15
6
K9
200
666
48.6
8.5
32.7
23.5
58.1
K0.3
K1
2.0
0.6
K1
K0.3
K0.3
K2
K
3
K
3
K5
0.8
4.8
ATotal
 
Ext
r.
Total
Exc
r.
Total Extr.
Total Extr.
 
 2
(
)
4
os
wa
co
PR
OF
IL
E
2
(m
g/
kg
dr
y
  
Sa
mo
le
De
pt
h
(N
um
be
r)
0"
(N
Y—
2~
1)
 
10
"(
NY
-2
—2
)
 
Fa
ra
me
te
r
To
ta
l
Ph
os
ph
or
us
Or
th
op
ho
sp
ha
te
—P
To
ta
l
Kj
el
da
hl
Ni
tr
og
en
Ni
tr
at
e/
Ni
tr
it
e-
N
A
m
m
o
n
i
a
—
N
Tot
al
Org
ani
c
Car
bon
Ca
lc
iu
m
Ma
gn
es
iu
m
Sod
ium
Iron
Hanganose
Alum
inum
Ti
ta
ni
um
Z T
ota
l
Sol
ids
(10
5°C
)
Sp
ec
if
ic
Gr
av
it
y
(20
°C)
Boron
Bar
ium
Ca
dm
iu
m
Cob
alt
Ch
ro
mi
um
Co
pp
er
Molyb
denum
Le
ad
Tin
Vana
dium
Yttr
iu-
Zinc
*K i
ndic
ates
"les
s th
an"
To
ta
l
Ex
tr
.
To
ta
l
58
0
12
0
32
0
11
9
14
00
33
46
0
K6
1
1
18
00
0
60
0
73
00
10
70
96
3
38
0
75
0
96
15
60
K2
50
6.
0
x2
50
95
a0
94
121
00
27
1
65
.8
30
6
45
20
65
7
53
60
10
8
1.
4
29
97
.6
95
.4
1.9
5
2.2
7
K1
50
K1
K1
50
K50
15.
9
K50
K1
0.6
K1
K2
50
K1
K2
50
K50
K0.
3
K50
K1
0
0.
5
10
K30
0
2.1
K30
0
10
3.9
7
K50
0
K3
K50
0
K10
0
K5
K10
0
K2
0
K0
.3
K2
0
K50
10.0
K50
Ex
tr
.
53.
52
3
0
K
6
1
0
50
0
29
6
35.7
1.
4
8
4
12
.0
62
4
1.
2
K1
10
.1
0.6
K
1
K0.3
3.
5
K
2
K
3
K
3
K
5
1.2
5.
6
 
we
ig
ht
)*
 
21"(NY—2—3)
42
"(
NY
-2
;4
)
78"(NY—2-5)
'To
tal
7
8
59
50
0
19
0
3
2
6
0
K250
177
00
13
40
6620
3
0
97
.3
2.
51
K1
50
K50
K
1
K250
K50
39
K3
00
K500
K100
K20
K50
Ex
tr
.
3
3
K10
K6
K
9
10
0
123
27.8
3.
0
25
.3
11
.0
1
4
4
0.
3
K1
9.7
K0.5
K0.3
0.8
K2
K3
K3
K
5
4.6
2.3
To
ta
l
21
0
60
K3
00
610
26
10
K250
13
70
0
470
49
80
6
6
9
2
.
6
2.65
K150
K5
0
K
1
K250
K50
23
K300
K500
K1
00
K20
K50
Ex
tr
.
11
0
106
K10
K
6
K
9
K1
00
43
2
45.3
4.
9
45.3
6.3
27
7
K0.3
K
1
8.
2
0.
6
K1
K0
.3
0.
4
K
2
K3
K3
K
5
1
1
.
2
1.
6
Tot
al
400
55
K3
00
14
20
0
26
60
K250
128
00
3
5
0
42
70
210
86.3
2.
72
K1
50
K5
0
K
1
K250
K50
1
0
K300
K
5
K5
00
K1
00
K20
K50
Ext
r.
36
0
38
0
1
8
K6
K9
K1
00
103
00
21
50
18
.0
17
2
10
7
234
K
1
K2
15
.1
K2
K1
K1
K
5
K10
K
1
0
K10
4.7
4.8
Tot
al
Ext
r.
  
2
(
)
5
Sam
ple
Dep
th
(Nu
mbe
r) 0“
(NY—3
—1)
oswzoo
PROFIL
E 3 (
mg/kg
dry we
ight)
*
16"(NY—3—2)
31~<NY~3—3)
 
Firameter
Total P
hosphor
us
Orthoph
oephate
—P
Total
Kjelda
hl Ni
trogen
Nitr
ate/
Nitr
ite—
N
Anno
nia4
N
Total Organic Carbon
Cal
ciu
m
Magnesium
Sod
ium
Iron
Manganese
Alum
inum
Tita
nium
1 Total Solids (105“C)
Specific
Gravity (
20'C)
Boron
Bar
ium
Cadmiu-
Cobalt
Chromium
Copper
Molybdenu-
Lead
Tin
Vanadium
Yttriu-
Zinc
*K indicates "less than"
Tot
al
45
0
1100
13000
15
80
23
90
K250
158
00
270
102
00
60
9
4
.
7
2.
35
K150
K5
0
K2
50
K
5
0
K10
K3
00
12
K5
00
K100
K20
57
Ext
r.
42
34
28
K6
12
30
0
2080
431
13.8
87
14
.7
470
0.6
17
.8
0.
7
K1
K0.3
0.9
K
2
K3
K
3
0.4
6.9
 
Total
35
0
220
1000
1330
42
70
K250
22300
569
94
80
7
5
89.8
2.59
K150
K50
K1
K250
K5
0
23
K300
K5
K500
K100
K20
K50
Extr.
15
0
148
3
4
6
10
10
0
1430
19
8
17.3
120
14.0
391
0.
4
19
.4
0.6
K
l
K0.3
0.9
K
2
K
3
K
3
4.3
16
.4
Total
450
30
0
18
40
35
80
K
2
5
0
18200
59
5
61
60
11
8
88.1
2.63
K150
K50
K1
K250
K5
0
K10
K300
K5
K500
K1
00
K20
K50
Ext
r.
34
0
33
0
12
K6
K9
K100
2290
324
43.6
36
0
54
.2
52
7
1.
4
K2
18.8
K1
K2
K1
1.6
K5
K10
K10
K10
5.7
5.2
l42"(N
Y-3—5)
Total
690
430
1800
18600
12300
K250
324
00
690
14300
74
88
.7
2.75
K150
K50
K250
26
K300
K500
K100
K20
6
0
 
Ext
r.
380
39
0
10
K6
9
K100
100
00
2140
28.4
851
255
177
2.5
3.
4
6.2
1.1
3.0
K0.3
6.0
2.9
4.4
10.8
K5
2.6
Total Extr. Total
Extr.
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0
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0
0
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0
1
4
0
0
2
6
0
0
K2
50
202
00
'296
113
00
9
7
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.8
2
.
2
0
K1
50
K
5
0
K2
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K50
13
K
3
0
0
5
2
K5
00
K1
00
K2
0
9
1
Ext
r.
32
2
9
3
5
K6
1
4
40
0
1
0
4
0
73
.8
13
.2
67.5
11
.4
65
9
0.
6
22
.8
1.
2
K
1
K0
.3
1.
6
K2
24
.1
K3
K5
1.
3
1
5
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470
16
0
18
00
287
00
7
7
0
0
K2
50
138
00
35
4
41
70
16
5
9
0
.
1
2.
84
K1
50
K5
0
K1
K2
50
K5
0
12
K300
10
K5
00
K1
00
K2
0
K50
Ext
r.
23
0
23
0
K1
0
K6
K9
K1
00
21
90
0
2
8
8
0
24.5
15
6
10
8
189
1.
6
3.0
10
.0
0.
9
K1
K0
.3
4.0
3.
8
21
.7
K
5
4.3
3.1
67
"(
NY
—4
-3
)
Tot
al
490
85
K3
00
35
90
0
90
40
K250
147
00
36
5
43
30
36
7
9
1
.
7
2.
81
K1
50
K5
0
K
1
K2
50
K5
0
12
K3
00
12
K5
00
K100
K20
K5
0
Ex
tr
.
25
0
250
26
K
6
1
0
K100
431
00
3
6
9
0
38
.2
229
15
2
18
0
4.0
2.
2
8.0
0.8
1
.
4
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4
0.9
K2
K
3
3.
8
K5
4.
7
3.
1
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(N
Y—
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To
ta
l
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0
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0
800
379
00
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00
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14
20
0
3
8
0
49
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6
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.9
2.
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K150
K5
0
K
l
K2
50
K5
0
1
0
K300
12
K5
00
K100
K20
K50
Ex
tr
.
29
0
275
15
7
10
K1
00
37
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0
41
70
3
5
.
1
53
2
244
12
9
3.
7
2.9
4.
2
0.
7
2.
2
0.
6
1.9
K2
K
3
K3
K5
5
.
4
2.9
 
Tot
al
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l
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.
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tha
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